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Chapter 1 Handbook Introduction
1.1 Purpose of Handbook

The purpose of the El ectronic Field Book Processing (EFBP) handbook
is to be a guide for the use of that software system EFBP is one

conmponent of GCeopak Survey. The intent is not to present the
theoretical background for EFBP, as that information is in a
conpani on technical docunent. Many surveyors may consider both

docunents necessary when usi ng EFBP

If one is using EFBP in conjunction with a particular El ectronic
Field Book (EFB) survey data collection system one is strongly
urged to contact sources for references on use of that EFB.
Successful use of EFBP is enhanced when one has a strong
understanding of the system which was used to collect the survey
field data.

EFBP is the engine for nunerical processing of raw survey data
(hori zont al circle readings, zenith circle readings, sl ope
di stances, height of instrunent, height of target, Ilevel rod
readi ngs, taping, calibrations, point nanes) into coordinate
information. EFBP does not process attribute information (feature
codes, zones, remarks/coments, chains/linewrk, straight vs. curve
line geonetry, etc.) but carries this information into asci
readable format so that it can be read with the coordinate
information into the rest of Geopak. The use of EFBP is often
ternmed "processing" one's data.

Thi s docunent assunes a user has sone |and surveying background
has access to common | and surveying textbooks as this docunent is
not intended to elimnate the need for that information, and that a
user has sone fundanental personal conputer know edge specifically
wi th Ms-DOS backgr ound.

Thi s docunent nakes extensive reference to files using the M- DOS
nam ng convention. EFB and EFBP files wusually consist of a
consistent project name before the period, and a 1-3 character
extension which alerts the user what the file is. Thi s docunent
makes reference to files using only the period and the extension
(.ctl as an exanple), while it is assuned that the project nane
al ways exi sts before the period.

1.2 Discussion of conponents of the handbook

Wiile an initial user will find reading of this information in a
systematic start-to-finish fashion beneficial, users of EFBP wll
often be using the table of contents to nove quickly to information

that is i mediately desired.

The first discussion of EFBP is with specific regard to its use



with the Florida Departnent of Transportation's Electronic Field
Book (EFB) survey data collection software. EFB has simlarity to
ot her survey data collection systens which EFBP supports, and thus

users who bring data into EFBP from other collection systens wl|

still find this discussion useful. EFBP reads an observation
(.obs) file for field information and a control (.ctl) for control
coordi nate infornation. The initial discussion will make constant

reference to infornation which is standard fornmat in the .obs file.
The format of this file will be clearly addressed in chapter 4.

Chapter 5 discusses nanagenent of control coordinate information
usi ng conputer program CTL. CTL has a wide variety of options for
maki ng control coordinate managenent as efficient a system as
possible. CTL options are being incorporated into Geopak Survey's
control point nmanager.

Chapter 6 discusses the option nmenu in EFBP. EFBP is a non-
interactive batch process once the desired options are accepted in
the initial nmenu. Chapter 7 introduces the conponents of EFBP
Chapters 8, 9, and 10 explain in detail the three output reports
from EFBP (abstracting, 1D |east squares, and 2D | east squares).
Chapter 11 discusses the final coordinate production process and
subsequent final file creation necessary for inport to other
software systens. Chapter 12 discusses the use of four utility
prograns included in the EFBP system

Chapter 13 is a discussion of the basic concepts of |east squares
analysis with enphasis on error estimation of one's neasurenents.
Chapter 14 is a basic discussion of state plane coordi nate systens
and their inpact on EFBP and ot her software systens.

Chapter 15 is an extensive series of exanples of how the EFBP
reports are used in troubl eshooting the survey data and recogni zi ng
what needs to be corrected. Chapter 16 details a general strategy
for data processing, project storage, and program storage. Chapter
17 is a description of executables, required systemdata files, and
i nput/output files for EFBP



Chapter 2. EFB as it pertains to processing.
2.1 Basics of use of EFB

EFB is a series of conmmand nenus and data screens that allow the
surveyor to electronically describe the survey field collection
process. Wth the correct interface serial cable it is able to
automatically record data from a total station or an electronic
| evel . It also allows nmanual input of these nunerical values at
any tinme.

To use EFB effectively, one nust be aware of how EFBP and the rest
of Ceopak use the data. EFB does not replace the need for a
know edgeabl e field surveyor, but instead that person is the nost
critical element in nmaking the office systemnore efficient.

2.2 Wy station namng is so inportant

To successfully utilize EFBP, the concept of station (point) nam ng
must be fully understood. The rule is quite sinple: once a
station is naned, that nane nust always be used in any subsequent
nmeasurenent to it or instrunment occupation of that point. Thi s
rule relates to both sideshots and traverse (redundant) stations.
This rule is required because EFBP is trying to assign one unique
set of coordinates to that point nane. Mul tiple coordinates for
t he same point nane are not all owed.

EFB utilizes a prefix/suffix point namng convention. The prefix
can be al phanuneric though common practice is to keep it all
letters. The first and last characters of the prefix are not
allowed to be nuneric when using EFB. The suffix is always nuneric
and is assigned by EFB or by the surveyor. The conbi ned |ength of
the prefix and suffix cannot exceed 8 characters, and the
conbi nation of the two conponents, with no space or other character
in between, defines the point nane. Nanes such as A10, TREEI],
TREE1012, CONTROL9 can exi st. EFB does not allow a prefix to end
with a nunber.

EFBP al l ows up to eight al phanuneric characters for a point nane.
Unlike EFB, the nane can be totally nuneric or totally alpha
characters. There is no need for any nuneric values in the point
nanes. |f nuneric names or suffixes are used, there is no need for
sequential order, and gaps in the nunbering are allowed. Thus
station nanes like 1, 1012, CCE, or DAC are permtted. A job can
have point nunbers 1 to 110, then a gap, and

continue from320 to 378. EFBP treats upper and | ower case letters
as different, thus station nane CCE is not equivalent to station
nane Coe. Wile EFBP accepts a station nane with a space init, it
i's not recomended.



Exanpl es of station nam ng probl ens twofold:

(1) The sane physical point gets assigned two different nanmes. An
exanple of this is a sideshot to a rebar which represents evidence
of a property corner which was neasured fromtwo traverse stations.
If fromone setup it was called C1 and from another setup it was
called C2 after EFBP is conpleted you will have slightly different
coordinates for Cl and C2. If you naned it ClL from both setups
EFBP will wuse all the neasurenents to it in a |east squares
solution for the statistically "best" coordinates for the station.

Many data collectors and office survey software systens force one
to give a new point nane when closing a |loop traverse to its
initial point. This would create no identification of the closure
to EFBP. Thus when closing to that point it is given its initia
poi nt nane.

(2) Two different physical points get assigned the sane nane. An
exanpl e would be where A23 was assigned to a traverse station on
the northerly edge of the job, and by mstake a station on the
southerly edge of the job was also referred to as A23. You have
told EFBP these two unique stations are the sanme point, and thus
EFBP' s reports will show you sone very poor closures.

EFBP does not use the point nane by itself to figure out if the
point is a traverse or sideshot station. As an exanple two
different trees were assigned point nanme TREEL2. EFBP does not
ook at the name and figure out that trees are usually never
nmeasured tw ce. EFBP does use the nanme to recogni ze that TREE12
was neasured twice and is thus a redundant point. The user would
look at the report files, see that TREE12 is in the |east squares
report, and realize one of those shots needs to be assigned a
di fferent point nane.

EFBP (and EFB) do not dictate how you perform your survey. Many
software systens force you to adopt their way of performng the
survey. EFBP and EFB do force you to use the point nam ng | ogic of
"one point nane per one field survey point" as that is the key to
EFBP recogni zi ng how the survey was perforned.

2.3 UWse of Reference Nanes

EFB has a unique nethod of control station namng that EFBP s
control station manager conputer program CTL can take advantage of.

Note one does not have to use the reference nane at all if
desired. A reference nane is a second nanme which can be assigned
to a point which designates that the point is an existing contro
station, or that the coordinates generated for it nmay be used as
control in a later part of the survey. A reference nane can be up
to 16 al phanuneric characters, and is not prefix/suffix in nature
i ke EFB station nanes.



An exanple of use of a reference nane s assigning its
organi zational nane for it such as BASS 1963. (Oganizations could
be the National Geodetic Survey, Departnent of Transportation, Arny
Corps of Engineers, other governnent agencies, private control
surveys, etc. The reason for it can go beyond sinply docunenting
the official name of the point. It allows multiple crews working
on the sanme job to assign different field nanes (prefix/suffix as
discussed in 2.1) to control points, and CIL can assign contro
coordinates to those points via the reference nane. Exanpl es of
use of reference names are in chapter 5.

If reference nanes are not used, the field survey nanes are used in
linking coordinates in the control file (.ctl) to neasurenents in
the .obs file. Thus a user can use EFBP wi thout ever considering
use of reference nanes.

2.4 Types of Records
2.4.1 Header

The header record in an EFB collected .obs file contains the units
of neasure (feet or neters), the segnent nanme, and optional remarks
about the project. The header is not used by EFBP. EFBP reads
units fromthe control .ctl file. The units in the header are used
in the field by EFB in correctly storing distances which are
electronically derived from the total station. The header is at
the top of the .obs file, and only one header exists per .obs file.
EFBP wi || process in absence of a header record.

2.4.2 Calibration

The calibration is also not required for successful use of EFBP
EFB does force storage of a calibration record. Most of the
calibration record is information not wused by EFBP such as
t enper at ur e, at nospheric pressure, weat her  code, observer's
initials, notekeeper's initials, rodperson's initials, instrunment
brand and nodel, instrunment serial nunber, EDM absolute error, EDM
ppm error, stadia constant, level test indicator, axis test
i ndi cator, and comments i ndicator.

Many wusers of EFBP have thought it <corrects distances for
tenperature and pressure. This is not true! You should be dialing

those corrections into your instrunment, and EFB wll then be
storing values that are corrected for tenperature and pressure
systematic errors. D fferent i nstrunment manuf acturers use

different error nodels for the correction, and thus it is better
that the correction is perforned at the time of data collection.

Sone users have also mstakenly thought EFBP uses the EDM constant
and ppmerrors in the calibration for error estimation in the |east



squares anal ysis. Again this is not true as that information is
defined in the initial options nmenu of EFBP

Calibration allows you to perform a peg test on the level, or a
hori zontal and vertical axis test on a total station. The peg test
is not nunmerically used by EFBP as the user is supposed to adjust
the level's cross hair based on the test results. The total
station axis test contains a user defined nunber of direct and
reverse pointings on the sane well defined point. EFBP determ nes
operator pointing error, and systematic errors in the vertical and

horizontal circles. The systematic errors are corrected in al
subsequent neasurenents in the .obs file. EFBP can operate with no
cal i bration. If multiple calibrations exist in a .obs file the

calibration derived systematic error corrections are applied to al
subsequent neasurenents until the next calibration is reached. The
new val ues are used until the next calibration is reached, etc. |If
mul tiple unique calibrations are stored in i medi ate succession the
last one is wused in correction of the subsequent nmeasurenent
i nformation.

2.4.3 Setup

The instrunment setup record is used by EFBP to obtain occupied
station name and height of instrunent. Height of instrument is
irrelevant if 2-D survey observations are nmade or if differentia

| eveling is being perforned.

QG her attribute type information that can be entered about the
setup is geonetry (point/straight or curve), attribute, zone,
comments, feature code, and reference nane. This information is
not used in nunerical processing (EFBP) but becones critical when
the data enters a subsequent graphics system Reference nanes are
used in managing control coordinates in CIL and are not used
directly by EFBP

2.4.4 (Observation

(bservation conponents can be divided into the nunerical
measurenents and user defined val ues associated with them and the
attribute information associated with the point that has been
measur ed.

2.4.4.1 MNunerical neasurenents

EFB allows for three types of neasurenents:
(1) total station type (HVD
(2) station/offset/rod reading (SOR)

(3) taping
2.4.4.1.1 HVD and derivatives of it



H V, and D refer to horizontal circle, zenith (vertical) circle
when zero is assuned pointed up, and distance (usually slope)
respectively. The user can collect HVD, HD, HY, H VD, or D as
options. Note HVD and HV (if no prism on backsight) are the nost
common types of mneasurenents being nmade. Associated with Dis a S
(slope), H (horizontal), or V (vertical) Ilabel wth S being
predom nant .

Al so associated wi th numerical processing are:
(1) station nane

(2) height of target - nmeasured vertically fromground point to the
prism Note this is uninportant for a 2-D survey, but neasuring
target and instrunent heights for all setups is a recomended
pr ocedur e.

(3) eccentricity - If a point cannot be directly occupi ed an of fset
hori zontal distance fromthe object to the prismcan be entered and
the prismdefined as F (forward), B (back), L (left), or R (right)

of the object. On left/right eccentrics a right angle is assuned
at the prismbetween the line to the instrunent and the line to the
obj ect . EFBP automatically uses eccentric information to obtain

coordi nates of the object.

(4) Telescope Oientation - This is labelled as D (direct) or R

(reverse). D assunmes zenith circle readings between 0 and 180
degrees, while R assunmes zenith circle readi ngs between 180 and 360
degr ees. This is critical when EFBP reduces horizontal circle

readings to horizontal angles, and in applying «calibration
corrections. H node requires a D or R on a shot (the only tine
this needs to be hand entered as EFB recognizes it fromthe zenith
circle) as EFBP needs to know what orientation the instrunent was
in for correct processing. |If a zenith angle is being recorded EFB
will store the correct D (or R) in .obs

(5) Position set nunber - In turning angle repetitions, it is very
coommon for one to average horizontal angles and not circle
r eadi ngs. This procedure is critical if the horizontal circle is
advanced between angle repetitions. The position set nunber is
usual Iy toggl ed whenever the backsight is re-shot and a series of
observations are going to be nmade based upon it. The position
nunber is generally not toggled between direct and reverse
poi ntings though EFBP does not mnd either practice. EFBP does
treat direct and reverse pointings on the sane position set as
uni que mneasurenents because it is assunmed calibration corrections
can be applied which correct for the reasons for doing direct and
reverse readings. In the past direct and reverse readings were
of ten averaged before conputing repetition error because instrunent
calibration was not known.



QG her attribute type information that can be entered about the HVD
type observation 1is geonetry (point/straight or curve), attribute,
zone, comments, feature code, and reference nane. This information
is not used in nunerical processing (EFBP) but becones critical
when the data enters a subsequent graphics system Note reference
nane i s used in nmanagi ng control coordinates in CIL and is not used
directly by EFBP

2.4.4.1.2 SOR and derivatives of it

Station and offset (SO is an economcal procedure for efficient
| ocation of survey points relative to a defined center or base line
which is called a geonetry chain. R neans differential rod reading
and can be single or three wire readings. Two wire readi ngs can be
entered but only the mddle wire reading is used in nunerical
pr ocessi ng. You have the options of SOR SO (horizontal |ocation
only), or R(differential leveling only)in this node. As usual the
station nanme is used in nunerical processing.

QG her attribute type information that can be entered about the SOR
type observation 1is geonetry (point/straight or curve), attribute,
zone, comments, feature code, route (geonetry chain), and reference
nane. This information is not used in nunerical processing (EFBP)
but becones critical when the data enters a subsequent graphics
system Note reference nane is wused in nmanaging contro

coordinates in CIL and is not used directly by EFBP

EFBP does not convert the station-offset information to horizontal
coordinates because in nmany situations the entire geonetry
chai n/ basel i ne does not yet have required information such as curve
paraneters. Subsequent functions in Geopak are able to process the
station-offset information into coordinate form The station-
offset data is transferred by EFBP to a station-offset-elevation
(.soe) file that is readable by functions in CGeopak.

2.4.4.1.3 Taping

Taping is a procedure which assunes right angles and horizontal
di st ances. This form of surveying is very useful when only
hori zontal positions of topographic features are required, those
positions are not required to be of high accuracy, and the process
can elimnate tinme consumng total station instrunent setups. In
the field the surveyor defines occupied, backsight, and foresight
station nanes, then inputs a horizontal distance fromthe occupied
to the foresight station along with a F (forward), B (back), L
(left), or R (right) orientation designation. The orientation is
at the occupied while |ooking at the backsight.

This procedure is very useful in locating back building corners
once two corners of the building have been |ocated with the tota
station.



Taping exists in the .obs file as H (backsight) and HD (foresight)
records and follows all of the other survey neasurenents in the
file. It is processed as if it were made with the total station.

QG her attribute type information that can be entered about the
taping type observation Is geonetry (point/straight or curve)
attribute, zone, comments, feature code, and reference nane. This
information is not used in nunerical processing (EFBP) but becones
critical when the data enters a subsequent graphics system

2.4.4.2 Measurenent Attributes

Wiile sone of the information attached to mneasurenent has no
i nportance in nunerical processing, these types of information are
defined here as they relate specifically to EFB

(1) Ceonetry - This is with respect to the point being part of a
chain (line). The point is on a portion of the chain that is a
straight line - Point (P), or on a portion of the chain that is
part of a curve (C).

(2) Attribute - This is a subclassification relative to a surface
(usually ground) and can be Gound (G, Feature (F), Coss section
(X), or User defined (U. A Ginplies the point should be part of
a digital terrain nodel (DTM, while a F indicates it should not be
part of the DIM Cross section is a nore descriptive type of
ground attribute. A U is up to user definition as to what it
neans.

(3) Zones - This is a way of segregating data in a database sense.
Zones can be used to distinguish different surfaces or different
types of utilities. Zone is an integer nunber.

(4) Feature code - This is a designation of what the point is. EFB
allows up to 8 al phanuneric characters. This is usually linked to
sonme synbology |ibrary when view ng data. Note this is a point
feature code, which is different froma chain feature code. Many
points that are parts of chains (edge of pavenent) require no point
synbol ogy and thus receive no point feature code, but are part of a
chain which has a chain feature code and thus links to line type
synbol ogy.

(5) Conmments - These are any extended textual information about the
poi nt which was neasured which is beyond the definition of the
feature code. If TREE was being used as a feature code, the
comment may include tree type, dianmeter, crown dianeter, etc.

2.4.5 Chains

Chains are linework. Note the point information indicates whether
the points are on a straight or curved portion of a chain. Chains



have no nunerical processing needs, but are provided here as
defined in EFB. A chain can include:

(1) Chain nane - Chain nanmes work under the sanme prefix/suffix
| ogic as point nanes. Nanmes are required for each chain.

(2) Attribute - The sanme ground G feature F, or user defined U
options as existed in point attributes exist here. A G attribute
indicates to Geopak that the chain is a break line in a DIM

(3) Zone - This has the sane neaning as in point information. It
is a way to segregate data such as surface nodel s.

(4) Feature code - This has the same neaning as in point feature
codes except that they relate to |ines.

(5) Comments - This is for nore extensive describing of a chain
beyond a feature code.

(6) Station - Stationing can be associated with the chain mainly
for definition of a cross section.

(7) List - This is a sequential list of the point names in the
chain. A comma exists between point nanes. |If two commas exist in
sequence, this is a location where no line is to be drawn ("pen
up"). FDOT allows for "macro" defining of chains such that:

Al-5 is the sane as Al, A2, A3, A4, A5

B12-10, Ql2, A6-8,,9-10 is the sane as Bl12, Bll, B10, Ql2, A6, A7,
A8,, A9, AlO.

A nmeans Al, A2, A3, etc.

10



Chapter 3. Field files and conversion of them to ascii input
(.obs) to EFBP

The neasurenent input to EFBP is in a file with an .obs extension.
If data is collected with FDOTI's EFB the .obs file is constructed
from5 field files

EFB field data consists of 5 files. Al have the sane DOS nane
(project name and segnent usually) and have different extensions
whi ch define what the files are:

(1) .RAW- a binary file of measurenent (HVD and SOR) information
(2) .PRE - an ascii file designating used point prefixes and their
| ast suffixes

(3) .CHN - a binary file of chain information

(4) .CPX - an ascii file designating used chain prefixes and their
| ast suffixes

(5) . TAP - a binary file of taping neasurenent information

These files need to be downloaded from the data collector to a
directory on your PC

To convert these files to the .OBS file required for processing,
FDOT has a public domain program called TSMIOASC which is accessed
by CGeopak Survey. Note all prograns have a .exe extension to their
nane. That program should be in the sane directory as your data or
you should have a path to it.

To convert to .OBS be sure you are in the directory where your five
files exist. At the DOS pronpt type TSMIOASC and press enter. The
program w || pronpt you for your DOS project name which exists for
all of your field files. Type in this nanme and press enter and the
five files will be converted to an .obs file. Any probl ens that
occur during the translation will be shown to you on the conputer
screen. Many of the nessages that appear on the screen are
warnings and can often be ignored. As exanples, warnings of
calibration without data or a setup wthout neasurenents usually
mean in the forner the surveyor decided an instrunent calibration
was not necessary at that time, and in the latter it usually neans
the "real" setup is stored imedi ately after the one with no data.

Nei t her of those warnings adversely affects processing. When t he
programis termnated you should be able to viewthe .obs file in a
text editor (an exanple is EDIT which comes with recent versions of
DOS) and print it.

If you are using SDVB (Survey Data Managenent Systen) for survey
data collection Ceopak Survey provides an option which converts
that file type (usually a .prj extension) to .obs . Al other data
collector translations are handled by Geopak through the &G
downl oad foll owed by conversion to .obs .
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Chapter 4. Structure and explanation of the observation (.obs)
file

The .obs file is very structured in nature. Editing of it to
correct any problens needs to be nade cautiously as the file is
read by EFBP and ot her systens as "fixed format". This nmeans it is

assuned certain colums contain certain types of data. For station
nanes and ot her al phanuneric files left justification to the proper
colum is required. For real nunbers the colum of the decinal
point is critical. For integers (degrees and mnutes) left
justification to the proper colum is required. Thus the rule is
pl ace changes back in their same colum | ocations.

To help one with the placenent of data in columms, in this chapter
every segnent of .obs file is preceded by:

123456789112345678921234567893123456789412345678951234567896123456789712345
toillustrate the proper columms.

You will also notice the first four colums of a row of .obs designate what
the line represents. Colum two is usually blank. If a Dis in colum 2
it neans this line is marked as del eted and processing ignores it. Min
colum 2 neans nodified - that line is again ignored as it is the old
information that was not desired and i medi ately adjacent to it is the new
i nformati on whi ch shoul d be read.

Al angular values are in degrees (integer) mnutes (integer) seconds
(real) format with space(es) between degrees, mnutes, and seconds.

4.1 Header Record
An exanpl e of a header record is:

123456789112345678921234567893123456789412345678951234567896123456789712345
H 00 17:00: 57 08/ 12/95 17:00:57 08/ 12/ 95 ENGLI SH

The tine and dates refer to project activation tinme. The ENG.I SH woul d be
replaced by METRIC if the linear information in the file was of that unit

t ype.
4.2 Calibration Record
An exanple of a calibration record is:

123456789112345678921234567893123456789412345678951234567896123456789712345
C 00 17:02:34 08/12/95 88 30.0 001101 NBWJDO BLP JM

C 01 TGPCON GIS- 3B/ 3C 5 3
C 03 17:06: 22 D 0 O 0.0 9 9 4.0
C 03 17:06: 32 D 0 O 1.0 9 9 7.0
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C 03 17:07: 07 R 179 59 41.0 269 51 3.0
C 03 17:07: 25 R 179 59 41.0 269 50 58.0

The C 00 line contains tine, date, tenperature, pressure, weather code,

and field crewinitials in that order. The C 01 record contains brand and
nodel of the instrument, EDM constant error in mllineters, and EDM ppm
error. The C 03 records are the pointings for a total station calibration
and from left to right include time of observation, direct or reverse,
horizontal circle, and zenith circle.

4.3 Setup record

An exanple of a setup record is:
123456789112345678921234567893123456789412345678951234567896123456789712345
S 00 AAl P Fl1 12

S 01 20:28:57 08/ 12/95 5.570

Wat follows the S 00 is station nane, geonetry, attribute, zone, and
feature code. The feature code may have a dash followed by a description
The S 01 record contains tinme, date, and hei ght of instrunent.

4.4 (oservation record

123456789112345678921234567893123456789412345678951234567896123456789712345

O 00 AA2 P F1 13

O 01 20:30:11 5. 270 1D 0 O 0.0 90 12 39.0 353.830 S
O 01 20: 30: 40 5. 270 1 R179 59 52.0 269 47 21.0 353.830 S
O 00 BML P F1 13

O 05 08:53:05 5. 000 1R 269 35 0.0 49.530 S
Ow1l 20: 31: 36 5. 000 1 R 18 29 58.0 269 35 0.0 49.530 S
O 05 08:53:15 5. 000 1D 90 24 51.0 49. 560 S
oW1l 20: 32: 38 5. 000 1 D198 31 2.0 90 24 51.0 49. 560 S
O 00 EPR64 P&

O 99 ON NORTH EDCGE OF CCE ROAD BY DRI VEWAY

O 01 20:35:31 5. 000 1 D150 57 33.0 89 48 59.0 204.740 S
O 00 CD67 P&

O 01 20:36: 25 5. 000 1 D147 39 46.0 89 47 54.0 211.460 S

The O 00 record is independent of data type and includes station nane,
geonetry, attribute, zone, and feature code. The feature code may again
have a dash followed by a description. The O 01 neans HVD dat a.

QG her data types are 02 - HD, 03 - HV, 04 - H 05 - VD, 06 - D, 07 - SOR
08 - SO and 09 - R In HD and D records the distance can only be
horizontal as no zenith angle is associated with it. Note for derivatives
of HVD as evidenced by the 05 type in the exanple, the data not neasured is
left blank. |f soneone changes an 01 to an 04 record the zenith angle

and slope distance will be ignored even if they exist in that |ine.

In the above exanple BML refers to a benchmark and it was desired to only
nmeasure el evation change to it so the H conponent was renoved.
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The O 01 record contains tinme, height of target, position nunber, telescope
orientation (D or R), horizontal <circle, zenith circle, and distance
(usually slope) for HVD data. A comment about the point is a O 99 record

and it exists between the O 00 and the O Ox record(s) where x refers to the
observation type (1-9). Note all neasurenents to a point froma setup are

i medi ately bel ow that station's OO00 record. In the case
of nore than one neasurenent to a point at a setup the data is thus not
necessarily in the order in which it was collected. Having al

measurenents to a point dramatically enhances exam nation of the data for
potential problens. Fromthe exanple it can be seen fromthis setup
AA2 was neasured tw ce.

The next section of observation data illustrates a point neasured 3 tines
each in direct and reverse position where each D) R conbi nati on was assi gned
a new position nunber (imediately to the left of the DR designation)
One can see the horizontal circle was reset between position nunbers.

This al so shows the | ocation of a reference nane (55-17-Al16) that has been
entered for a field survey nane (FC 1).

123456789112345678921234567893123456789412345678951234567896123456789712345
O 00 FC 55-17- Al6 P Gl

O 01 14:33:48 5. 850 1 D359 59 59.0 89 8 51.0 4203.670 S
O 01 14:34:37 5. 850 1 R179 59 56.0 270 51 22.0 4203.660 S
O 01 14:50: 04 5. 850 2 D162 50 54.0 89 8 42.0 4203.680 S
O 01 14:59:26 5. 850 2 R342 51 8.0 270 51 28.0 4203.630 S
O 01 15:00: 39 5. 850 3 R 250 54 54.0 270 51 23.0 4203.670 S
O 01 15:10:03 5. 850 3 D 70 54 51.0 89 8 44.0 4203.670 S

The next section of observations reflect two exanples of eccentrics. The
first is 0.76 ft. left and the second is 0.34 ft. forward.

123456789112345678921234567893123456789412345678951234567896123456789712345
O 00 FL14 P GL

O 01 20: 30: 17 1.700 0.76 L 1 D 347 27 19.0 89 44 58.0 105.680 S

O 00 uP2 P Gl 22-P, CTV, XFMR

O 01 19:51:42 1.500 0.34 F 1 D329 29 27.0 89 57 11.0 61. 899 S

The next series of data illustrates SOR type data. The observation to B7
illustrates 3 wire leveling, the second shows an exanple where only two
wires could be read, and the third exanple is single wire differential
| evel i ng. Note differential leveling (R is record type O 09. The
observation to D1 is SO (record type O 08). 1025.00 is station 10+25.00
and the offset is 75.50 ft. right (positive offset is right). The geonetry
chain/baseline is identified as XS1. The last exanple is SOR (record type

OO07) and illustrates a left (negative) offset.
123456789112345678921234567893123456789412345678951234567896123456789712345678
O 00 B7 TP1 P Gl

O 09 14:14:13 6.185 6.051 5.920
O 00 B2 KOGER- 8 P Gl 17

O 09 19:01: 29 1.372 0.531

O 00 B1 KOGER- 5 P Gl 17

O 09 23:19:16 7.05

O 00 D1 P GL 50 XS1
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O 08 15:12:50 1025.00 75.50
O 00 D18 P Gl 24 XS1
O 07 16:42:34 1046.20 -61.29 4. 250

4.5 Taping record

An exanple of a taping record follows. Note taping always is inmmediately
after the HVD and/or SOR dat a.

123456789112345678921234567893123456789412345678951234567896123456789712345
R 00 00: 00: 00 12/31/99

R 99 TAPE OBSERVATI ON DATA STARTS HERE

C 00 00:00:00 12/31/99

C 99 DUMW TAPE CALI BRATI ON TO RE-I NI TI ALI ZE COLLI MATI ON TO ZERO

C 01 TAPI NG TAPI NG 10 99 100

C 03 00: 00: 00 D 0 O 0.0 9 0 0.0

C 03 00: 00: 00 D 0 O 0.0 9 0 0.0

C 03 00: 00: 00 R180 0 0.0 270 O 0.0

C 03 00: 00: 00 R180 0 0.0 270 0 0.0

S 00 CDO9 P F1

S 01 18:48:35 08/13/22 0.000

O 00 CDO8 P F1

O 04 18:48:35 0. 000 1D 0 0 0.0

O 00 CD100 P F3

O 02 18:48:35 0. 000 1 D18 0 0.0 20. 000 H
S 00 BLD2 P F1

S 01 21:03:30 08/20/22 0.000

O 00 BLD1 P F1

O 04 21:03: 30 0. 000 1D 0 0 0.0

O 00 BLD3 P F3

O 02 21:03: 30 0. 000 1 D270 0 0.0 18.500 H

R 00 00: 00: 00 12/31/99
R 99 TAPE OBSERVATI ON DATA ENDS HERE

The standardi zed remark records (R 00 and R 99) define the start and end of
taping records. Taping is sinply presented in .obs as an H record on the
backsi ght and an HD record on the foresight. The horizontal circle reading
on the backsight is always zero, and on the foresight it can be zero, 90,
180, or 270 degrees. Taping is always preceded by a "dummy" calibration
record ensuring no systematic error correction occurs as that only applies
to neasurenents by the total station

4.6 Tape Traverse

After the taping observations are the tape traverses/chains. This shows
the order in which a series of taping occurred. It is very useful in
finding blunders (usually errors in forward, back, left, ri ght
designations) in the taping processes. St andardi zed remarks identify the
start and end of the tape traverse data.

123456789112345678921234567893123456789412345678951234567896123456789712345
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R 00 00: 00: 00 12/31/99

R 99 TAPE TRAVERSE DATA (1.E. CHAINS) START HERE

F 00 TAP TAP

F 01 BLD17, BLD18, BLD19, BLD20, BLD21, BLD22, BLD23, BLD24
F 00 TAP TAP

F 01 FENCE17, FENCE16, FENCE18

R 00 00: 00: 00 12/31/99

R 99 TAPE TRAVERSE DATA (I.E. CHAINS) ENDS HERE

4.7 Chains

After the tape traverses are the chains. Standardized remarks identify the
start and end of this type of information. A particular chain consists of
three types of records:

(1) F 00 - This line includes chain nane, attribute, zone, and feature
code.

(2) FO1 - The chain point list as it was entered in the field.

(3) F 02 - The chain point list in non-abbreviated form The ",," (pen
up) field record is replaced by the word GAP

F 01 and F 02 records may occupy nore than one |line as they never extend
beyond colum 72 and a line always ends in a comma between station nanes in
the list.

R 00 00: 00: 00 12/31/99

R 99 CHAI N DATA STARTS HERE

F 00 CLP3 & 109

F 01 CLP35-37,,38-40

F 02 CLP35, CLP36, CLP37, GAP, CLP38, CLP39, CLP40
F 00 BL33 & 111

F 01 BL310-314,, 315-317,,318-319,, 320- 324

F 02 BL310, BL311, BL312, BL313, BL314, GAP, BL315, BL316, BL317, GAP, BL318, BL319,
F 02 GAP, BL320, BL321, BL322, BL323, BL324

R 00 00: 00: 00 12/31/99

R 99 CHAI N DATA ENDS HERE

4.8 Prefix record

The last record in the .obs file is the prefix record. It is identified by
standardi zed remarks (R 99 records). The P 01 records are the point
prefixes which have been used followed by the |largest nuneric suffix which
was used for that particular prefix. The P 02 records are the chain
prefixes which have been used followed by the |argest nuneric suffix which
has been used for that particular prefix. These records are generated
directly fromthe field .pre and .cpx files when TSMIQASC i s execut ed.

123456789112345678921234567893123456789412345678951234567896123456789712345
R 00 00: 00: 00 12/31/99
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PREFI X DATA STARTS HERE

A22, AA4, ADG, AP4, BCL67, BCR129, BL324, BLL13, BLR27, BWA, CB37, CC10, CD110,
CFP11, A 50, CLP44, CP5, CR58, CWB1, DBL4, DBLL4, EPL32, EPR85, FENCELS, FH4,
G340, GR66, GRASS50, Gv1, Wb, LP2, MB12, MHL5, Pl PES2, PL1, PP28, R208, SANG,
SC3, SHRUB94, SI G\18, STREET4, SU4, SWL1, SW.58, SW.L24, SWR80, SWRR30, TCL60,
TCR108, TDL5, TDLL6, TH26, TL1, TP4, TPED2, TREE130, TVP1, UGG/, UGT8, UG,
AD1, BCL6, BCR11, BL33, BLL3, BLR3, CB2, CD7, CFP1, C 9, CL1, CLP4, CP1, CR1, CV8
00: 00: 00 12/31/99

PREFI X DATA ENDS HERE
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Chapter 5. Control point managenent (program CTL)
5.1 Programrequirenents

CIL is the control coordi nate nanager for EFBP. The control file has the
extension .ctl, and has a very standardized fixed fornat. If a contro
file does not exist for a project, EFBP will assune coordi nates of

10000 N, 10000 E, 500 Z (elevation) for the first setup and an azinmuth of
north to the first neasurenent at that setup. Note if your data is not
totally connected by neasurenents, i.e., control coordinates are required
to generate non-connected segnments of data, you wll not produce
coordinates on all of your points without a .ctl file. Li kewi se if your
first setup contains no data and was not deleted, or if your first setup is
leveling and HVD data exists later, coordinate generation wll not be
possible without a .ctl file. Note in these cases you can still process
for abstracting/repetition error information (.gen) only as that s
i ndependent of coordi nates.

EFBP uses field survey nanes in identifying points. EFB and CTL lets you
use reference nanes for points but their use is not required.

CTL is executed by typing CIL and pressing enter at the DOS pronpt. |If a
TEMP. JOB file exists the project nane is read fromthat file, and you have
the ability to change that project nanme. |f TEMP.JOB does not exist, you
will be asked to enter a project nane.

CTL reads geodetic information such as datum year, state plane zone
identification, coordinate units, vertical datumyear, and type of azi nmuths
fromthe .ctl file. Wwen switching projects if a .ctl does not exist for
t he new project nane, the geodetic information fromthe previous project is
retai ned as the defaults.

CTL is case sensitive (upper or lower case) with regards to control station
nanes and how they match to station nanmes in the .obs file. The best
suggestion is have CAPS LOCK activated during all EFBP processing. Note a
station name of BASS1 in .obs will not match to a station nanme of Bassl in
.ctl. The match of nanes in .obs and .ctl is inperative.

CTL has a large series of nenus. A di scussion of these nenus and their
input will follow User input will be shown in [ ] though note only what is
inside the [ ] occur as input. Itens in { } are coments describing the
i nput process for discussion in this manual. Thus while running a program
no { } or anything inside of them would appear.

5.2 I nput of Datum Paraneters

{If TEMP.JOB did not exist you are asked to input a project nane. If it
did exist the project in that file is the default and the user can change

it.)
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COWPUTER PROGRAM CTL VERSI ON 06- 14-94
| NPUT PRQIECT NAME

[ CCH|

CONTROL DEFAULTS ( ASSUVED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE | D

(2) HOR ZONTAL DATUM YEAR

(3) UNITS:

(4) VERTI CAL DATUM YEAR

(5) AZI MUTH TYPE:

(6) ACCEPT DEFAULTS

Pl CK THE # OF THE DEFAULT TO CHANGE <6>

[1] {Select the NGS state plane zone #. |If this job is in assuned
coordi nates no input of any of these paraneters is required so
one could imredi ately select 6.}

| NPUT STATE PLANE NGS ZONE | D (ENTER | F NO CHANCE)
ENTER A ZERO | F ASSUMED OR A QUESTI ON MARK FOR HELP

[0901] {This is the Florida East Mercator zone nunber. Entering a ? lets
you view the list of state plane zones with their nunbers.}

CONTROL DEFAULTS ( ASSUVED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE I D 0901

(2) HOR ZONTAL DATUM YEAR 27

(3) UNITS:

(4) VERTI CAL DATUM YEAR

(5) AZI MUTH TYPE:

(6) ACCEPT DEFAULTS

Pl CK THE # OF THE DEFAULT TO CHANGE <6>

[2] {Once a zone is selected the programdefaults to NAD 27. Qption 2
is selected so a user can select another horizontal datum}

| NPUT HORI ZONTAL DATUM YEAR (ENTER | F NO CHANGE)

[83] {NAD 83 is selected. Note one can input other years to designate an
adj ustment year, such as for a HARN. Input greater than 82 uses the
NAD 83 ellipsoid information. |Input |ess than 83 uses the NAD 27
ellipsoid information.}

CONTROL DEFAULTS ( ASSUVED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE I D 0901

(2) HOR ZONTAL DATUM YEAR 83

(3) UNTS: F

(4) VERTI CAL DATUM YEAR

(5) AZI MUTH TYPE:

(6) ACCEPT DEFAULTS
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PI CK THE # OF THE DEFAULT TO CHANGE <6>

[3]
I NPUT F FOR SURVEY FT, | FOR | NTERNATI ONAL FT, M FOR METERS <F>

[M {The program defaults to survey foot for units. The user input Mto
swtch to netric units.}

CONTRCL DEFAULTS ( ASSUVED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE I D 0901

(2) HOR ZONTAL DATUM YEAR 83

(3) UNTS: M

(4) VERTI CAL DATUM YEAR

(5) AZI MUTH TYPE:

(6) ACCEPT DEFAULTS

Pl CK THE # OF THE DEFAULT TO CHANGE <6>

[ 4]
| NPUT VERTI CAL DATUM YEAR (ENTER | F NO CHANGE)

[29] {Wiile no reductions are necessary for elevation differences such as
scale and elevation factors, it is inportant to designate which
datum your elevations are referenced to. The standards are 29
(NGVD 1929) and 88 (NAVD 1988) though other years coul d designate
sone ot her regional elevation adjustnent.

CONTRCL DEFAULTS ( ASSUVED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE I D 0901

(2) HOR ZONTAL DATUM YEAR 83

(3) UNTS: M

(4) VERTI CAL DATUM YEAR 29

(5) AZI MUTH TYPE:

(6) ACCEPT DEFAULTS

Pl CK THE # OF THE DEFAULT TO CHANGE <6>

[ 5]
| NPUT A FOR ASTRONOMC, G FOR GRID < >

[@ {If you have no azimuths in your control file, no input is required
here. Al azimuths have to be grid or all astronomc (geodetic).
Usual |y the difference between astronom c and geodetic north is
insignificant. If it is significant, astronomc val ues should be
converted to their forward geodetic equivalents before entry. There
is no need to input azimths between two horizontal control points as
t heir coordi nates define that val ue.}

CONTROL DEFAULTS ( ASSUMED | NDI CATED BY NO | NFORVATI ON)
(1) STATE PLANE NGS ZONE | D 0901
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(2) HOR ZONTAL DATUM YEAR 83

(3) UNTS: M

(4) VERTI CAL DATUM YEAR 29

(5) AZI MUTH TYPE: G

(6) ACCEPT DEFAULTS

Pl CK THE # OF THE DEFAULT TO CHANGE <6>

[] {At this point you have entered all your geodetic default paraneters.
Wien you run CIL again after control has been entered these values wll
automatically appear as the defaults. At any point you can correct them
but any latitude/longitude input nmay have been incorrectly changed to state
plane in the wong datum zone, or units. Li kewi se changing units here
does not change the existing coordinates - this is an option in a later
menu. }

{Note the nunber in < > is the default and pressing enter [] produces the
sanme results. This concludes geodetic default mnaintenance and now t he main
menu for control maintenance appears.

5.3 Input of control coordinates and azi nut hs

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[1] {Input sonme control coordi nates}

DO YOQU WANT TO?
1- ADD DATA
2- DELETE DATA
3-QUIT
| NPUT THE # OF YOUR CHO CE: <3>

[1]

ENTERI NG A "U'" FOR UNDO ALLOAS ONE TO ELI M NATE PREVI QUS ENTRI ES

{During control entry an input of U backs you up to the previous input so
you can re-type it due to a keyboard entry m stake. You can back up a
[imted nunber of nultiple inputs.

ARE | NPUT COORDI NATES
(1) LATITUDE , LONG TUDE
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(2) NORTHI NG (Y), EASTING (X)
PICK A # <2>

[1] {exanple of latitude/longitude entry}

| NPUT CONTROL STATI ON NAME: (ENTER | F FI NI SHED)

[ Al]

ENTER CONTRCL STATI ON REFERENCE NAME ( ENTER | F NONE)

[]

| NPUT LATI TUDE | N DDD. MVSSSSS FORVAT ( ENTER | F BENCHVARK QONLY)

[ 28. 540239478]

| NPUT LONG TUDE | N DDD. MMBSSSS FORVAT

[ 81. 231094554]

STATE PLANE COCRDI NATES [aut omatic conversion geodetic to state pl ane]

NORTHI NG (Y) = 506082.330 EASTING (X) = 162318. 288

| NPUT CONTROL ELEVATION (Z) (ENTER | F NONE)

[ 9. 234]

| NPUT CONTROL STATI ON NAME: (ENTER | F FI NI SHED)

[ BML] {enter another control station}

ENTER CONTRCL STATI ON REFERENCE NAME ( ENTER | F NONE)

[]

| NPUT LATI TUDE | N DDD. MVSSSSS FORVAT ( ENTER | F BENCHVARK QONLY)

[] {this station is known el evati on and unknown horizontal coordi nates}

| NPUT CONTROL ELEVATION (Z) (ENTER | F NONE)

[ 18. 23F] {The elevation is known in feet but you have a netric project.
Sinmply add a F (survey feet) or | (international feet) and the
data will be converted for you. You can do this with horizonta

pl ane coordi nates, too, and convert neters to either foot units

if that is required.

ELEVATI ON CONVERTED TO DESI RED UNI TS IS 5.557 {metric equival ent
of 18.23 ft.}

| NPUT CONTROL STATI ON NAME: (ENTER | F FI NI SHED)
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[l {have one nore input but it is plane horizontal coordinates so need
to return to mai n nenu}

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[1] {select input control again}
DO YQU WANT TQO?

1- ADD DATA

2- DELETE DATA

3-QUIT
| NPUT THE # OF YOUR CHO CE: <3>

[ 1]

ENTERI NG A "U' FOR UNDO ALLOAS ONE TO ELI M NATE PREVI OUS ENTRI ES
ARE | NPUT COORDI NATES

(1) LATITUDE , LONG TUDE

(2) NORTHI NG (Y), EASTING (X)
PICK A # <2>

[]

| NPUT CONTROL STATI ON NAME: (ENTER | F FI NI SHED)

[ HL]

ENTER CONTRCL STATI ON REFERENCE NAME (ENTER | F NONE)
[]

| NPUT THE NORTHI NG (Y) (ENTER | F BENCHVARK ONLY)

[ 506958. 124]

| NPUT THE EASTI NG ( X)

[ 162692. 572]
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| NPUT CONTROL ELEVATION (Z) (ENTER | F NONE)

[] {HL has only known horizontal coordi nates}
| NPUT CONTROL STATI ON NAME: (ENTER | F FI NI SHED)
[] {all finished entering control coordi nates}

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[2] {Now we will input an azimuth. The azinmuth does not have to be at a
control station, i.e., it could in the mddle of a traverse between
two control points.}

DO YOU WANT TO?

1- ADD DATA
2- DELETE DATA

3-QUIT
| NPUT THE # OF YOUR CHO CE: <3>

[1]
ENTERI NG A "U' FOR UNDO ALLOAS ONE TO ELI M NATE PREVI QUS ENTRI ES

WLL I NPUT BE (1) AZIMJTHS OR (2) BEARINGS - SELECT A # <1>

[1] { Bearing input can be N, S E or Wfor a cardinal direction or
quadrant nunber (1 is NE, 2 is SE, 3 is SW 4 is NW followed by a space
and the bearing value in dd. Mmss format.}

| NPUT THE OCCUPI ED STATI ON NAME: (ENTER I F FI NI SHED)

[H1] {from station of azi nmuth}

| NPUT THE SI GHTED STATI ON NAME: (ENTER | F FI NI SHED)

[ AZML] {to station of azimuth}

| NPUT AZI MJUTH | N DD. MVBSSS FORVAT
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[ 273. 2356]

OCCUPI ED STATI ON ASSUMED TO BE H1
| NPUT SI GHTED STATI ON NAME: (ENTER | F | NCORRECT)

[] {this would allow you to enter nore bearings in a traverse sense}
| NPUT THE OCCUPI ED STATI ON NAME: (ENTER | F FI NI SHED)

[] {this would allow you to enter another azimuth froma different station}
{pressing enter returns you to the main nmenu}

5.4 Listing data

Listing data is perforned by |list nunbers. Each control station or azimuth
represents one list nunber. The data is stored in the order in which it
was entered. On a large job you sinply want to list only a portion of the
data, such as fromlist # 18 to 32.

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTROL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[3]

DO YOU WANT TO LI ST

1- CONTROL STATI ONS AND COCRDI NATES

2- AZI MUTHS

3-QUIT LIST

PICK A # <3>

[1] {you can list control stations or azinuths}

TOTAL NUMBER OF TH S MEASUREMENT TYPE | S 3
| NPUT M NI MUM LI ST #

[1]
| NPUT MAXI MM LI ST #

[3]
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NUMBER OF CONTROL STATIONS IS 3

LI ST# STATI ON NORTH NG (Y) EASTI NG (X)
REF. NAMVE LATI TUDE LONG TUDE
1 Al 506082. 330  162318. 288
28-54- 2.39478 81-23-10. 94554
2 BML
3 HL 506958. 124  162692. 572

28-54-30. 88187 81-22-57. 23418
PRESS ENTER TO CONTI NUE

[] {Note 2D control stations show no elevation,

ELEVATI ON
9. 234
5. 557

and 1D control stations

show no 2D coordi nates. If a horizontal datum and state plane zone has
been sel ected both state plane and geodetic coordinates will be shown.}

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[3]

DO YOQU WANT TO LI ST

1- CONTROL STATI ONS AND COORDI NATES
2- AZI MUTHS

3-QUIT LIST

PICK A # <3>

[2] {exanple of azimuth |ist}

TOTAL NUMBER OF TH S MEASUREMENT TYPE | S 1
| NPUT M NI MUM LI ST #

[1]

| NPUT MAXI MUM LI ST #

[1]

NUMBER OF AZIMJTHS IS 1

LI ST# OCCUPI ED S| GHTED
1 Hl AZML

MEASUREMENT
273-23- 56.0
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PRESS ENTER TO CONTI NUE

[] {Note bearing input is converted imediately to azinmuths and always
shown as an azi muth.}

5.5 Changing (editing) data

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[4]

(1) CHANGE CONTROL NAVE AND COORDI NATE | NFORVATI ON
(2) CHANGE AZI MUTH NAVE AND MEASUREMENT | NFORVATI ON
(3) CHANGE CONTROL ERROR ESTI MATES

(4) CHANGE AZI MUTH ERROR ESTI MATES

(5 QUT

SELECT A # <5>

[1]

DO YOU WANT TO LI ST | NFORVATION (Y/N) <Y>

[N] {List works the sane here as in list in the main menu}
INPUT LIST # TOED T: (ENTER IF FINISHED WTH ED T OPTI ON)
[2] {BML is the second control station.}

(1) STATION = BML REF. NAME =
NORTHI NG (Y) =

EASTING (X) =

LATI TUDE
LONG TUDE
ELEVATION (2) = 5. 557
QU T

SELECT A # <7>

NSNS SN

~NOoO oI~ WN

e
11

[6] {You can turn a 1D control point into 3D by addi ng 2D coor di nat es.
You can renove a portion of a point's coordinates as control by
entering zero for its value. For 2-D control you can change pl ane or
geodeti c val ues, and respectively the geodetic or plane val ues would
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automatically change. No latitude/longitude areas appear if the
coordi nates are assuned. }

| NPUT ELEVATION (Z) (ZERO | F NOT VERTI CAL CONTRQL)
[5.575] {A transposition input blunder is corrected.}

(1) STATION = BML REF. NAME =
(2) NORTH NG ()
(3) EASTING (X)
(4) LATI TUDE =
(5) LONG TUDE =
(6) ELEVATION (2) = 5. 575
(7) QUT

SELECT A # <7>

[] {Note station nanmes can be changed here, or reference nanes changed or
added. }

DO YOU WANT TO LI ST | NFCRVMATI ON (Y/N) <Y>

[N
I NPUT LIST # TOED T: (ENTER IF FINISHED WTH EDI T OPTI ON)

[] {No nore control coordinates are left to edit.}

(1) CHANGE CONTROL NAVE AND COORDI NATE | NFORVATI ON
(2) CHANGE AZI MUTH NAVE AND MEASUREMENT | NFORVATI ON
(3) CHANGE CONTROL ERROR ESTI MATES
(4) CHANGE AZI MUTH ERROR ESTI MATES

(5 QUT
SELECT A # <5>
[2] {edit the one input azinuth}

DO YOU WANT TO LI ST | NFORVATION (Y/ N) <Y>

[N

INPUT LIST # TOED T: (ENTER IF FINISHED WTH ED T OPTI ON)
[1] {only one azimuth to edit}

(1) OCCUPI ED STATION = H1

(2) SIGHTED STATI ON = AZML

(3) AZIMJTH = 273-23- 56.00

(4 QUT

SELECT A # <4>

[2] {Change the sighted station to AZBKS.}

28



| NPUT NEW S| GHTED STATI ON
[ AZBK5]

(1) OCCUPI ED STATION = H1
(2) SI GHTED STATION = AZBK5
(3) AZIMJTH = 273-23- 56.00
(4) QUT

SELECT A # <4>

[]
DO YOU WANT TO LI ST | NFCRVMATI ON (Y/N) <Y>

[N
| NPUT LIST # TOED T: (ENTER IF FINISHED WTH EDI T OPTI ON)

[]

5.6 Changing control and azinuth error estimates.

One of the unique characteristics of |east squares analysis is that the
control can be treated as a neasurenent with an error estinmate, and al |l owed
to adjust. Defaults of 0.001 ft. or m for control and 0.1 seconds for
azimuths are used because these are so small the values are held fixed.
There are situations (blunder detection, varying quality, etc.) where one
may Wi sh to assign larger error estinmates as we all know control is really
not perfect. You change error estimates by |ist nunber (such as contro
list nunber 8 to 12) and you have the ability to list error estimates in
this option. Wen putting in new error values the default val ue presented
to the user is always 0.001 ft./m or 0.1 seconds (fixed).

5.7 Inporting control fromother .ctl or .xyz files

Many situations exist where control needs to be inported from another EFBP
j ob. The coordinates would exist either in a control (.ctl) or final
(.xyz) coordinate file. You have a choice of inporting all stations or
sinply inport by station nane. You can inport all control as fixed or use
the error estimates in the .ctl or .xyz files.

If a geodetic datum and state plane zone has been assigned in both jobs
this inport option has the ability to automatically convert the inported
coordi nates and coordinate error estimates to the correct state plane zone
and linear units. Note this option does not transfer between datuns (NAD
27 to NAD 83, etc.) but only between state plane zones in the same datum

As an exanpl e the coordinates being inported are in Florida Wst NAD 83 and

are in US survey feet. They are in a file naned WEST. CTL and when |i sted
are:
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NUMBER OF CONTROL STATIONS IS 2

LI ST# STATI ON NORTH NG (Y) EASTI NG (X) ELEVATI ON
REF. NAMVE LATI TUDE LONG TUDE
1 VEST1 1666314. 963  786888. 989
28-55- 1.00000 81-35-29. 00000
2 VBML 39. 410

{I'nput occurs in the CCE project like:}

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[ 5]

| NPUT THE FULL PATH (UNLESS | N EXI STI NG DI RECTORY)
FOLLONED BY PRQIECT NAME AND EXTENSI ON (. CTL CR . XY2)
PRESS ENTER I F FI NI SHED WTH TH S FUNCTI ON

[ WEST. CTL] {Note you can access different directories if the entire path
is used, i.e., C\EFB\ CTL\ BREAM CTL}

| MPORT W TH

(1) EXI STI NG ERROR ESTI MATES OR
(2) HOLD CONTROL FI XED

SELECT A # <2>

[ 2]
(1) | MPORT ALL CONTROL OR

(2) I MPORT BY STATI ON NAME ENTRY
PICK A # <2>

[1]
ADDED 2 CONTRCL PO NTS AND 0 AZI MUTHS
| NPUT THE FULL PATH (UNLESS | N EXI STI NG DI RECTCRY)

FOLLONED BY PRQIECT NAME AND EXTENSI ON (. CTL CR . XY2)
PRESS ENTER I F FI NI SHED WTH TH S FUNCTI ON
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[]

{When the coordinates are now |listed:}

LI ST# STATI ON NORTH NG (Y) EASTI NG (X) ELEVATI ON

REF. NAMVE LATI TUDE LONG TUDE

1 Al 506082. 330  162318. 288 9.234
28-54- 2.39478 81-23-10. 94554

2 BML 5.575

3 HL 506958. 124  162692. 572
28- 54- 30. 88187 81- 22-57. 23418

4 \\EST1 507893.817  239844. 244
28-55- 1.00000 80- 35- 29. 00000

5 VBML 12. 012

Note the latitude and | ongitude for inported station WEST1 remain the sane
even though its plane coordinates were converted to Florida East Mercator
fromFlorida Wst Mrcator and also output in neters while in Florida west
they were stored in US. survey feet. Note al so the benchmark WBML was
converted fromfeet to neters.

5.8 Inport of ascii coordinate files

Since the .ctl is of a unique file structure, a sinple ascii control
coordinate list cannot be read by EFBP as a control file. Instead CITL
allows for a wide variety of ascii file inports when any nunber of spaces
separates data types. The file can be comma delimted except a space is
requi red between station nane and the next coordinate in that line. As an
exanpl e, a common public domain survey processing system called Cadastra
Measur ement Managenent (CW) is often used for control survey processing.

It creates two ascii files - a .cor which is station_nanme X Y and a .lev
file which is station_nanme Z. This exanple will illustrate inport of these
two files froma CW project called CAMPUS into a .ctl which is Miine East
Mercator NAD 83. Note the units, datum and state plane zone in the asci

file and .ctl should match. |If they do not, set up the .ctl in the units,
datum and zone of the ascii file then use CIL's utilities to transformit.

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS

3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>
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[ 6]

| NPUT DATA FORMAT
PT_NAME X
- PT_NAME N
- PT_NAME N
- PT_NAME X
- PT_NAME Z
- QT

Pl CK A # <6>

[4]

Y
E
E
Y

DU WNE

(OW . CCR FI LE)
(OW . LEV FI LE)

| NPUT FULL PATH AND FI LE NAME OF COORDI NATE FI LE

PRESS ENTER TO QUI T
[ C:\ OV CAMPUS]

{.cor extension is assuned,

10 CONTRCOL STATI ONS ADDED

NPUT BY KEYBQOARD / DELETE CONTROL PO NTS

1-1

2- 1 NPUT/ DELETE AZI MJTHS
3- LI ST DATA
4-

CHANGE (EDI T) EXI STI NG DATA
5-1 MPORT CONTROL FROM . XYZ OR . CTL FI LES

6- FREE FORM COCRDI NATE |
7-CHANGE UNITS (FT., M,

NPUT
INTER FT.)

8- CHANGE STATE PLANE ZONE

9-1 MPORT BY REF. NAME
10-QUI'T
CHOCSE A # <10>

[ 6]

| NPUT DATA FORMAT
1 - PT_ NAME X Y
- PTNAME N E
- PTNAME N E
- PTNAME X Y
- PT_NAME Z
- QT

CK A # <6>

[ 5]

TOUAWN

(OW . CCR FI LE)
(OW . LEV FI LE)

| NPUT FULL PATH AND FI LE NAME OF COORDI NATE FI LE

PRESS ENTER TO QUI' T

[ C.\ OW CAVPUS. LEV]
{while .LEV is assuned,
ext ensi on nust be input}

it can still

be entered -

i f not

.LEV t he

if different the extension nust exist}
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STATI ON BOCK ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON CENTER  ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON CORNER  ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON CROW ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON DCRM ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON KEY ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON KNOTT ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON PCST ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON RAY ALREADY EXI STS ADDED | F M SSI NG SOVE COCR
STATI ON R CH ALREADY EXI STS ADDED | F M SSI NG SOVE COCR

0 CONTROL STATI ONS ADDED
{The followi ng nessages occurred because those stations existed fromthe
.cor inport, but they had no elevations till the .lev was inported.}

1- 1 NPUT BY KEYBQARD / DELETE CONTRCL PO NTS
2- | NPUT/ DELETE AZI MUTHS
3- LI ST DATA

4- CHANGE (EDIT) EXI STI NG DATA

5- | MPORT CONTRCL FROM . XYZ OR . CTL FILES
6- FREE FORM COORDI NATE | NPUT

7-CHANGE UNITS (FT., M, INTER FT.)

8- CHANGE STATE PLANE ZONE

9- | MPORT BY REF. NAME

10-QUI T

CHOOSE A # <10>

[1]

DO YOU VANT TO LI ST

1- CONTROL STATI ONS AND COORDI NATES
2- AZI MUTHS

3-QUIT LIST
PICK A # <3>

[1]

TOTAL NUMBER OF TH'S MEASUREMENT TYPE IS 10
I NPUT M NI MUM LI ST #

[1]

| NPUT MAXI MM LI ST #

[ 10]

NUMBER OF CONTRCL STATIONS IS 11

LI ST# STATI ON NORTHI NG (Y) EASTI NG ( X) ELEVATI ON
REF. NAME LATI TUDE LONG TUDE
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BOXK 449673. 509  940816. 383 112. 809
44-54- . 50335 68-40- 3.46269

CENTER 450684. 005  941087. 973 115. 499
44-54-10. 48734 68-39-59. 71808

CORNER 451466. 452  942390. 324 145. 777
44-54-18. 23986 68-39-41. 64417

CROW 451342. 069  942412. 564 145. 762

44-54-17. 01203 68-39-41. 33171
450836. 237  942397. 549 150. 307
44-54-12. 01674 68-39-41. 52635

© 00 N o o s~ w N P

KEY 450593. 009  940717. 277 117. 392
44-54- 9.58122 68-40- 4.86610

KNOTT 451290. 032  940968. 780 115. 633
44-54-16. 46932 68-40- 1.39154

POST 451439. 688  941919. 320 147. 414
44-54-17. 96626 68-39-48. 18804

RAY 449828. 874  942256. 130 125. 620
44-54- 2.06643 68-39-43. 46337

10 RICH 449847.018  941249. 300 114. 475

44-54- 2.22551 68-39-57.45274
PRESS ENTER TO CONTI NUE

5.9 Change units

This option is #7 in the main nmenu. It sinply changes the entire contro
data set from neters to survey feet, survey feet to neters, neters to
i nt ernati onal feet, international feet to neters, survey feet to

international feet, or international feet to survey feet.
5.10 Change state plane zone

This option is #8 in the main nmenu. It sinply changes the entire contro
data set from one state plane zone to another. The units of the origina
data are retained. The unit and zone change conbine to let you do things
like convert a control file from Florida North Lanbert NAD 83 in survey
feet to Florida East Mercator NAD 83 neters. Note no transformation
bet ween NAD 27 and NAD 83 is provided in CTL.

5.11 Use of reference nanes

The concept of a reference nane is that the field survey name in EFB is a

temporary name assigned in the field. The reference nane could be the
actual control station nane on its brass cap, or sone other form of easier
identification due to a longer and nore descriptive nane. It would allow

two field crews working on the sane job to not have to worry about
overlapping survey point nanes, as instead the reference nane would
i ndi cate which control stations were conmmonly observed. A surveyor using
EFB can assign reference nanes in the field (.obs) , and a surveyor using
CTL can assign reference nanes to entered control (.ctl).

Ref erence names can be used in three ways.
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The first is by use of reference nanes in .obs only. CTL finds those
stations in .obs and places them in control wth arbitrary control
coor di nat es. A surveyor can then use CIL to replace the arbitrary
coordinates with actual control values which are derived from the office
person's recognition of the reference nane.

The second option is reading in a .ctl or .xyz file into the existing .ctl.
This will only inport stations with reference nanes and the field survey
nanes in those file(s) wll be retained.

The third option is matching reference nanes in a .ctl or .xyz to the
project's .obs reference nanes. The field survey nanmes in the .ctl or .xyz
will be replaced with those in .obs . This procedure requires an exact
mat ch (spelling) of the reference nane in .obs to the selected .ctl .

This option could be used if a control traverse was processed w th EFBP and

all reference nanes were filled in the .xyz . Topographic surveying from
this control could now occur and reference nanes could be used in .obs so
that CTL will be able to select the correct control coordinates from the

control traverse .xyz file.

The input of the appropriate file names for each of the options is simlar
to file nane input previously and thus requires no exanpl es.

5.12 Format of the control (.ctl ) file

The .ctl for project COE after the manual input of three control stations
and one azinmuth, editing of a benchmark el evation, and inport of two nore
control stations from another .ctl follows. The nunbered line is for
reference to colum specific itens (nanmes left justified, decinmal point
colum inportant for coordinates and error estinates).

123456789112345678921234567893123456789412345678951234567896123456789712

G 00 CCE

G0l A1 0901 83Me9
G 02 162318.288 506082. 330 9. 234 . 001 . 001 . 001

G 01 BML 0901 83Me9
G 02 5. 575 . 001
GO0l H 0901 83Me9
G 02 162692.572  506958. 124 . 001 . 001

G 03 AZBKS5 273 23 56.0 .10 G

G 01 WEST1 0901 83Me9
G 02  239844.244  507893. 817 . 001 . 001

G 01 VML 0901 83Me9
G 02 12. 012 . 001

The first line (G 00) is a header record which contains the project nane.
Each station consists of two lines with an optional |ines for azinuths.
The G 01 line contains station nane, reference nane (optional, begins in
colum 15), state plane NGS zone nunber, horizontal datum units (M F, or
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), and vertical datum The geodetic itens are optional if assuned
coordi nates are bei ng used.

The G 02 record contains X (easting), Y (northing), Z (elevation), X error
estimate, Y error estimate, and Z error estimate. |If a coordinate area is
blank that means it is unknown. If a coordinate error estinmate area is
bl ank the error estimate defaults to fixed (0.001).

The azimuth record ("to" station) is a G 03 record and follows the G 02

record for the from station of the azinuth. It contains to station nane,
azimuth (ddd mmss.s), error estinmate (decinmal seconds), and type (G- grid
or A -astronomc). |If the error estimate is blank 0.10 seconds (fixed) is
assuned.
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Chapter 6. D scussion of EFBP nmenu options
6.1 I ntroduction

EFBP processing options are selected imediately after typing EFBP at the
DCS pronpt and pressing enter. These options are stored in tw files in
the directory you are in. These files are named DEFAULT. CON and
DEFAULT. SD. If these files do not exist EFBP creates them w th assignnment
of "reasonabl e" val ues.

6. 2 Exanpl e

This is the exanple nmenu for option selections in EFBP

PRQJECT NAME | S BRI DCGE

USE REPETI TI ON ERRORS PLUS ADD- ONS | N ERRCR ESTI MATI ON

DO NOI' COVPUTE COCRDI NATE STANDARD ERRCRS AND ERROR ELLI PSES
CORRECT FOR EARTH CURVATURE AND ATMOSPHERI C REFRACTI ON
ROBUST ERROR ESTI MATE PROVPT W LL NOT' APPEAR

PROCESS TO FI NAL COORDI NATE . XYZ FI LE

NSNS SN
DO WN -
N

FOLLON NG USED AS ADD- ONS TO ERRCR FROM REPETI TI ON

DI STANCE DI STANCE HORZ. AZIMUTH TRIG LEV. TRG LEV. DFF.
LEV.
CONSTANT PPM ANGLE (SEC)  (SEQ CONSTANT PPM
CONSTANT
(7) .004 (8) 5.00 (9) 4.0 (10) .1 (11) .008 (12) 20.00 (13)
. 010
FOLLON NG ARE USER DEFI NED ERRCR ESTI MATES
DI STANCE DI STANCE HORZ. AZIMJTH TR G LEV. DFF. LEV.
CONSTANT PPM ANGLE ( SEC) ( SEQ) CONSTANT CONSTANT
(14) .006 (15) 5.00 (16) 10.0 (17) .1 (18) .020 (19) .010
(20) SETUP ERROR (ALWAYS USED) = .005

(21) READ ERROR ESTI MATE ADD- ONS FROM DI FFERENT DEFAULT. CON

(22) READ USER DEFI NED ERROR ESTI MATES FROM DI FFERENT DEFAULT. SD

FLAG MAXI MUM SPREADS ABOVE

(23) DISTANCE = .005 (24) ANGLES = 10.0 (25) ELEV. DI FFERENCES = .020
ENTER A # TO CHANGE, OR PRESS ENTER TO START PROCESS| NG

6. 3 Expl anation of exanple

Expl anations for each option follows. Note selection of datumand units
(ft. vs. m) is performed via control using program CTL which nodifies
the project .ctl (control) file.

(1) PRQJECT NAME |'S BRI DGE
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You can change the project nane. Note the .obs (neasurenent file) is
required to exist in the working directory. A .ctl (control file) is also
normally required though limted forns of processing can be perforned
wi t hout control

(2) USE REPETI TI ON ERRORS PLUS ADD- ONS | N ERROR ESTI MATI ON

You can wuse repetition errors plus user defined add-ons for error
estimation in the | east squares analysis. |If you shut this option off you
will be using user defined error estimates wthout any influence from
repetition error.

Wth this option on error estimates of control coordinates will be read
from the control file .ctl. If this option is turned off control
coordinates will be held fixed (error estimate of 0.001 ft./m) independent
of error estimates in .ctl.

(3) DO NOT COVPUTE COCORDI NATE STANDARD ERRORS AND ERROR ELLI PSES

Least squares enabl es conputation of coordinate standard errors and error
ellipses. Wile this information can be of use, for many applications
they are not required. |If this option is off (do not conpute) the |east
squares solution will operate faster as | ess conputations are necessary.

(4) CORRECT FOR EARTH CURVATURE AND ATMOSPHERI C REFRACTI ON

I f your raw survey neasurenents are not corrected for these systenmatic
errors you will normally desire that the correction be applied. |If
for some reason you note the zenith angles and sl ope di stances in your
.0bs file are already corrected you will want this option off.

(5) ROBUST ERRCOR ESTI MATE PROVPT W LL NOT APPEAR

Robustness is a re-weighting technique used in | east squares to try to
identify blunders. It is sinply strategy which uses the residuals (anounts
of adjustnent) in maki ng weaker data have | ess effect on the adjustnent

by giving the weaker data larger error estimates. You will only want this
option on when you want to take advantage of this option.

(6) PROCESS TO FI NAL COCRDI NATE . XYZ FI LE

You have 4 |evels of processing and you can quit termnating at any

sel ect ed st age:

1st stage - abstracting of repeated neasurenents and prelimnary coordi nate
generation - this produces the . CEN report

2nd stage - 1D |l east squares - this produces the .1D report

3rd stage - 2D | east squares - this produces the .2D report

4th stage - final coordinate and attribute production - .XYZ file

FOLLOWN NG USED AS ADD- ONS TO ERRCOR FROM REPETI TI ON

DI STANCE DI STANCE HORZ. AZIMUTH TR G LEV. TRIG LEV. D FF. LEV.

CONSTANT PPM ANGLE ( SEC) (SEQ) CONSTANT PPM CONSTANT

(7) .004 (8 5.00 (9) 4.0 (10) .1 (11) .008 (12) 20.00 (13) .010

| f use of repetition errors is selected, these values are the add-ons to
the errors fromrepetition for |east squares error estimation. For exanple
a horizontal distance repetition error of .005 m wll have .004 m added
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toit. Note since trig. elevation differences usually erode in accuracy
qui cker as a function of distance when conpared to the horizontal distance,
add-on ppms (parts per mllion) are separated into horizontal distance and

trig. leveling where the trig. leveling value is wusually larger in
magni t ude.
FOLLON NG ARE USER DEFI NED ERRCR ESTI MATES
D STANCE DI STANCE HORZ. AZlI MUTH TRIG LEV. D FF. LEV
CONSTANT PPM ANGLE ( SEC) (SEC) CONSTANT CONSTANT
(14) .006 (15) 5.00 (16) 10.0 (17 .1 (18) .020 (19) .o010

If error estimation fromrepetition is not selected, or if a neasurenent
is not repeated and thus no repetition error exists, the user defined
error estimates wll be utilized.

(20) SETUP ERROR (ALWAYS USED) = .005

It is well known that on shorter lines it is nore difficult to point
reliably in an angul ar sense than on long lines. As an exanple a 2 second
| east count total station does not have 2 second pointing reliability on

a 10 m line. Setup error is added to all horizontal angle and azimuth
measurenent error estimates (both fromrepetition and user defined) and is
conputed by the tangent inverse of the setup error divided by the | ength of
the line. A zero setup error indicates you do not want this type of val ue
added to your error estinates.

(21) READ ERRCR ESTI MATE ADD- ONS FROM DI FFERENT DEFAULT. CON

DEFAULT. CON i s where error estimate add-ons are read from You may want
values froman old job read into your present job, or you nmay be readi ng
sone netric default values instead of the English values fromthe | ast job
you processed. The DEFAULT. CON you are reading fromcan be in a different
path/directory and have a different file nane.

(22) READ USER DEFI NED ERROR ESTI MATES FROM DI FFERENT DEFAULT. SD
DEFAULT. SD is where user defined error estimates are read from You nay
want values from an old job read into your present job, or you may be
reading sone netric default values instead of the English values fromthe
| ast job you processed. The DEFAULT.SD you are reading from can be in a
different path/directory and have a different file nane.

FLAG MAXI MUM SPREADS ABOVE
(23) DISTANCE = .005 (24) ANGLES = 10.0 (25) ELEV. DI FFERENCES = .020

The .GEN report can becone very large as all repetition errors are
report ed.

Since you really only want to study the "poor" values, you can flag with
asterisks (* *) maxi num spreads above defined tol erances. Wen review ng
the report in a text editor you can put the editor in search node for
asteri sks. A maximum spread is the largest difference of a set of
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repetitions fromthe average val ue.
6. 4 Expanded di scussi on of sone EFBP options
6.4.1 Earth curvature / atnospheric refraction correction

Regardi ng earth curvature and atnospheric refraction, it is a squared
function of the length of the line - a 1000 ft. shot has 4 tinmes (.02 ft)
the correction of a 250 ft. shot. (.005 ft.). Thus it is usually smaller
than the randomerror in our trig. leveling and this is why not correcting
does not create a significant error. Another reason not to correct it is
i f someone conputes the elevation difference on their cal cul ator w thout
curvature and refraction correction it will not be equal to the val ue
derived fromprocessing with curvature and refraction turned on.

The correction is always positive because: assunme a HI. of zero and

a zenith angle of 90 the further out you go the larger the HT. wll

be to keep that "flat" line of sight due to earth curvature. That
H T. which is subtracted nust be negated with a positive correction to
produce an elevation difference of zero. Note it is possible with the

correction for residuals to get a little worse - this sinply shows
the randomerror is bigger than the correction.

6. 4. 2 Robust ness

Robustness is a re-weighting strategy which can be used to find blunders
as "the weak get weaker and the strong get stronger." Assune when the
2-D l east squares runs two angles have error estimates of 5 seconds and 30
seconds respectively, and the residuals are 45 seconds and 3 seconds
respectively. Wien you robust the new error estimate of the first angle
will be (5+45)/2=25 seconds and the second angle will be (30+3)/2=16.5
seconds. The adjustnment re-runs with the new error estinates.

It is recommended to use robustness only as a tool in blunder detection,
not for the production of final coordinates. It wll not usually
find real huge blunders as caused by station nam ng.

| f you have robustness turned on at the end of the |east squares

portion of LEVEL and LSAQ you will asked if you want to re-weight.
Answering Y (yes) to this perforns the robustness on all neasurenents
and the | east squares re-runs. Al measurenents are robusted (control,
elev. diff., distances, angles, azinuths) though in an update EFBP coul d
allow you to do things |ike robust distances only. You can robust as
many tinmes as you want. Robustness aids in finding the problem

if the standard error of unit weight junps way down.

The . XYZ will reflect the coordinates fromthe | ast robustness but

the standard deviations and error ellipses are from the first |east
squar es.

You shoul d re-process w thout robusting for your |last run anyway.

6.4.3 Dfferent ppmin error estimation for horizontal distances and trig.
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el evation differences

I n previous versions of EFBP the ppmwas the sane for horizontal distances
and trig. leveling derived fromHVD data. W all know | onger |ines get
worse faster in elevation differences than horizontal distances.

Assune trig. leveling and horizontal distance ppms are 30 and 1
respectively. Thus the 30 vs. 1 neans a ppmadd-on for a 300 ft. and a 3000
ft. line are horizontally (0.0003 ft. vs. 0.003 ft.) and vertically (.009
ft. vs. 0.09 ft.). This will allow you to shoot HVD node (not HD) on |ong
line as the larger error estimate on the long line elevation differences
will nmake it have |l ess affect on your final coordinates. This is the power
of effective error estimation.

6.4.4 Setup error

Note setup error is in ft. or m and is an add-on to all horizontal

angl es and azinmuths. Short lines get a bigger effect - long |lines

will get essentially no effect. This is again very effective as

you do not want small error estimates on 50 ft. backsights or foresights.

A .005 ft. setup error amounts to 21 sec. of error in 50 ft., 2 sec. in
500 ft., and 0.2 sec. in 5000 ft. (tangent inverse function). The setup
error is always applied, so if you do not like it, make it zero. One way
to think of setup error is in terns of your ability to set up over a point
with your tripod, tribrach, and optical plumet.
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Chapter 7. Introduction to EFB processing.

EFBP can be described as a four step process. You can instruct the program
to stop at any step, and the program noves between steps with no required
input from the user. Goviously one needs to set up the appropriate
paraneters in the EFBP setup nenu before processing can begin.

The first step of EFBP is abstracting, horizontal sideshot identification,
and prelimnary horizontal traverse closure and coordi nate generation.
Thi s process produces the first report file .gen . Abstracting involves:

(1) averaging of nmultiple repetitions and conmputing of respective error
statistics,

(2) reducing raw data to 2-D and 1-D nmeasurenent equival ents,
(3) conputing initial error estimates for all values, and

(4) conparing horizontal distances and elevations on lines neasured
multiple tinmes and weighted averaging their values based on error
estimates. Wighted averaging permts the size of the error estimate to be
used in the averagi ng process so better indicators of quality neasurenents
have nore affect in the averagi ng process.

The redundant part of the horizontal data is then identified (non-
si deshot s). The program then automatically perforns traverse closures
until every redundant horizontal station has coordi nates. These
coordinates serve as the required estimates for the 2-D |east squares
adj ustment to operate.

The second part of processing is generation of all elevation information.
This procedure creates the .1d report file. First the redundant portion of
the vertical conponent of the survey network is identified, and a | east
squares analysis of this data 1is perforned. Si deshot el evation
determnations are then conputed based on the |east squares adjusted
el evati ons.

The third part of processing is the 2-D |l east squares. This produces the
.2d report file. Al reductions to state plane are perforned autonmatically
if a zone and datum are defined. Elevation reduction to grid is possible
because these val ues have been generated in the previous step. Traverse
closures are then conputed which conpare raw survey neasurenents (reduced
togridif that is defined) to adjusted coordi nates.

The fourth part of processing is two distinct operations. The first part
conputes the horizontal sideshots based on the |east squares adjusted
coordinates of the redundant survey. Gid reductions are again
automatically perfornmed if required. The second portion nerges the
coordinate information with the attribute information in generation of the
final .xyz file. |If SOR SO (station offset) or R (differential |eveling)
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data exists a .soe (station, offset, elevation) report file is generated.
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Chapter 8. Examnation of processing' s first report file - .CGEN
8.1 Exanpl e

A 1726 station topographic route job is used as an exanple for the next
four chapters. Note this is a netric job so all nunerical values which
reference coordinates, elevations, elevation differences, distances, etc.
are in nmeters. The definition of nmetric units nmade in the control (.ctl)
file, is reported in the horizontal |east squares (.2d) report, and fina
coordinates are labelled as netric in the final coordinate (.xyz) and
station-offset-elevation (.soe) files. The first report (.gen) details
abstracting and prelimnary coordinate generation. For a job this large
the .gen report is lengthy so only key itens are shown here as they
represent all the types of information generally shown in this report.

PROJECT EXAMP PARAMETERS

USE REPETI TI ON ERRORS PLUS ADD- ONS | N ERROR ESTI VATI ON
COVPUTE COCRDI NATE STANDARD ERRORS AND ERROR ELLI PSES
CORRECT FOR EARTH CURVATURE AND ATMOSPHERI C REFRACTI ON
ROBUST ERROR ESTI MATE PROMPT W LL NOT APPEAR

PROCESS TO FI NAL COCRDI NATE . XYZ FI LE

FOLLOW NG USED AS ADD- ONS TO ERRCR FROM REPETI TI ON

DI STANCE DI STANCE HORZ. AZIMJTH TRIG LEV. TRIG LEV. DIFF. LEV
CONSTANT PPM ANGLE (SEC)  (SEQ) CONSTANT PPM CONSTANT
. 005 5.00 6.0 10.0 . 010 50. 00 . 010
FOLLOW NG ARE USER DEFI NED ERROR ESTI MATES
DI STANCE DI STANCE HORZ. AZIMJTH TRIG LEV. DIFF. LEV.
CONSTANT PPM ANGLE ( SEC) (SEQ) CONSTANT CONSTANT
.007 5.00 12.0 10.0 . 030 . 010
SETUP ERROR (ALWAYS USED) = .002
FLAG MAXI MUM SPREADS ABOVE
(23) DISTANCE = .020 (24) ANGLES = 20.0 (25) ELEV. DI FFERENCES = .030
HORZ. OCLLI MATI ON CORRECTI ON = -4.7 SECONDS
VERT. COLLI MATI ON OORRECTI ON = -3.8 SECONDS

HORI ZONTAL PO NTI NG STANDARD ERROR (DI RECT)
VERTI CAL PO NTI NG STANDARD ERRCR ( DI RECT)
HORI ZONTAL PO NTI NG STANDARD ERROR ( REVERSE)
VERTI CAL PO NTI NG STANDARD ERRCR ( REVERSE)

[T
wana
®oro
(%)
é

PROCESSI NG SETUP # 1 AT STATI ON Al

REPETI TI ON ERROR ON MULTI PLE POl NTI NG TO STATI ON A2

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON A2

REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SO  SD MAX HORZ. ELEV.
( SPREAD (MEAN)  SPREAD DI ST. DI FF.

V) .001  .000 .001 .008  .004 . 010

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATION SD  SD (MEAN) MAX SPREAD

WARNI NG - CALI BRATI ON RECCRD W THOUT DATA

PROCESSI NG SETUP # 2 AT STATI ON Al

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON A2

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON A2

REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SD  SD MAX HORZ. ELEV.
( SPREAD (MEAN)  SPREAD DI ST. DI FF.

V) .001  .000 .001 .005  .002 .007 -.004 . 005

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATION SD  SD (MEAN) MAX SPREAD

PROCESSI NG SETUP # 3 AT STATI ON Al

REPETI TI ON ERROR ON MULTI PLE POl NTI NG TO STATI ON A2

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON A2

REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SO  SD MAX HORZ. ELEV.
(MEAN)  SPREAD (MEAN)  SPREAD DI ST. DI FF.
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A2 . 000 . 000 . 001 . 005 . 002 . 007 -.002 . 012
REPETI TI ON STANDARD ERRORS FOR ANGLES
BS STATI ON FS STATI ON Sb SD (MEAN) MAX SPREAD

PROCESSI NG SETUP # 1 AT STATION A2

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON Al IS 4.0 SEC
REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON Al IS 1.0 SEC
REPETI TI ON ERRCR ON MULTI PLE PO NTI NG TO STATI ON BML IS 7.0 SEC
REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON BML IS 4.0 SEC
REPETI TI ON STANDARD ERRORS
S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE
STATI ON Sb SD MAX SD SD MAX HORZ. ELEV.
SPREAD ( MEAN) SPREAD DI ST. DI FF.
Al .001 .001 . 002 . 005 . 003 . 008 .000 * -.042*
BML . 000 . 000 . 000 . 001 . 000 .001
REPETI TI ON STANDARD ERRORS FOR ANGLES
BS STATI ON FS STATI ON SD SD (MEAN) MAX SPREAD
Al BML 2. 1. 1
1714 OF 1726 STATIONS ARE HORI ZONTAL SI DESHOTS
TRAVERSE CLOSURE REPORT
LI NEAR ERROR OF CLOCSURE | S . 048 FT.
PRECISION IS 1/ 17355.
STATI ON X COCOR Y COCR
A2 495149. 598 128318. 648
TRAVL 495281. 157 128298. 531
A3 495980. 147 128287. 811
TRAVERSE CLOSURE REPORT
LI NEAR ERROR OF CLOSURE | S . 051 FT.
PRECISION IS 1/ 16398.
STATI ON X COCOR Y COCR
A2 495149. 598 128318. 648
TRAV2 495631. 118 128293. 637
A3 495980. 147 128287. 811
STATION BML HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE
FROM KNOWN BACKSI GHT
X=  495201.372 Y= 128318.744
STATION BW HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE

FROM KNOWN BACKSI GHT
X=  496993.652 Y= 128259. 200

FI NAL GENERATED COORDI NATES

STATI ON X COCR. Y COCR
Al 494886. 316 128284. 789
A2 495149. 598 128318. 648
A3 495980. 147 128287. 811
Ad 496811. 525 128276. 865
A5 497318. 565 128280. 773
BML 495201. 372 128318. 744
TRAVL 495281. 157 128298. 531
TRAV2 495631. 118 128293. 637
TRAV3 496404. 186 128282. 819
BwW 496993. 652 128259. 200
TRAV4 497080. 913 128272. 918
TRAVS 497330. 332 128286. 047

DI STANCE RESI DUALS

DI STANCE RESI DUAL
Al - A2 . 016
A2 - BML . 000
A2 - TRAV1 . 008
TRAVL - A3 . 040
TRAVL - BML . 004
A3 - A2 . 046
A3 - TRAV2 . 021
TRAV2 - A2 . 029

A3 - A . 042



A3 - TRAV3 . 024

TRAV3 Ad 023
Ad - A5 . 030
Ad - BW . 000
Ad - TRAV4 . 016
TRAV4 - A5 . 014
TRAV4 - BW . 013
TRAV4 - TRAVS . 017
TRAVS - A . 029
TRAVS - A5 .001

ANGLE RESI DUALS

ANGLE RESI DUAL ( SEC)
Al -~ - BML .0
Al -~ - TRAVL -3.1
2 - TRAVI - A3 .0
IV - TRAVI - BML -4.7
IV - A3 - TRAV2 -1.8
IV - TRAV2 - A3 .0
A - A3 - TRAV2 2.0
A - A3 - TRAV3 2.1
A3 - TRAVZ - A4 .0
TRAVZ - A4 - A5 -1.4
TRAVZ - A4 - BW .0
TRAVZ - A4 - TRAV4 -8.9
A - TRAVA - A5 .0
A - TRAVA - BW -15.0
A - TRAVA - TRAVS 5.4
A - TRAVE - A5 .0

| ndi vi dual conponents of the .CGEN report are now detail ed.

8.2 FEFBP setup paraneters

PROQJIECT EXAMP PARAMETERS

USE REPETI TI ON ERRORS PLUS ADD- ONS | N ERROR ESTI VATI ON
COVPUTE COCRDI NATE STANDARD ERRORS AND ERROR ELLI PSES
CORRECT FOR EARTH CURVATURE AND ATMOSPHERI C REFRACTI ON
ROBUST ERROR ESTI MATE PROMPT W LL NOT APPEAR

PROCESS TO FI NAL COCRDI NATE . XYZ FI LE

FOLLOWN NG USED AS ADD- ONS TO ERRCR FROM REPETI TI ON

DI STANCE DI STANCE HORZ. AZI MUTH TRIG LEV. TRIG LEV. D FF. LEV
CONSTANT PPM ANGLE ( SEC) (SEQ) CONSTANT PPM CONSTANT
. 005 5.00 6.0 10.0 . 010 50. 00 . 010
FOLLOWN NG ARE USER DEFI NED ERROR ESTI MATES
DI STANCE DI STANCE HORZ. AZI MUTH TRIG LEV. Dl FF. LEV.
CONSTANT PPM ANGLE ( SEC) (SEQ) CONSTANT CONSTANT
. 007 5.00 12.0 10.0 . 030 . 010
SETUP ERROR (ALWAYS USED) = . 002
FLAG MAXI MUM SPREADS ABOVE
(23) DISTANCE = .020 (24) ANGLES = 20.0 (25) ELEV. DI FFERENCES = .030
This first section always exists at the start of a .gen file. It echoes
the default paraneters which were established in the initial nenu of EFBP.
This information is critical in the exact reproducibility of final

coor di nat es.

8.3 Instrunment calibration

HORZ. COLLI MATI ON CORRECTI ON = -4.7 SECONDS

VERT. CCLLI MATI ON CORRECTI ON = - 3.8 SECONDS

HORI ZONTAL PO NTI NG STANDARD ERROR (DI RECT) = 5.0 SECONDS
VERTI CAL PO NTI NG STANDARD ERROR (DI RECT) = 2.1 SECONDS

HORI ZONTAL PO NTI NG STANDARD ERROR ( REVERSE) = 5.0 SECONDS
VERTI CAL PO NTI NG STANDARD ERRCR ( REVERSE) = 3.8 SECONDS

This is output from a calibration record which contained a nunerical
calibration of a total station which involves pointing at a discrete point
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at least once in the direct and reverse position. Mul ti pl e pointings
ensures the quality of the calibration and provides an estimate of the
observer's pointing ability. The pointing errors are the standard
deviations of nultiple pointings and would be tagged with asterisks if
above user defined tolerances in the EFBP default settings.

If the instrunent was in perfect calibration and an operator was perfect in
pointing, the sumof the zenith circle readings in direct and reverse would
be 360 degrees. Simlarly, the direct and reverse horizontal circle
readi ngs woul d differ by exactly 180 degrees. The corrections are one-half
the difference between these ideal calibration val ues.

EFBP reduces individual horizontal circle readings to horizontal angles
uniquely for each position nunber and face (direct or reverse) before
aver agi ng. This process cancels the effects of horizontal collinmation
error. The calibration corrections in the vertical direction are nuch nore
critical due to our inability to level trigononetrically as precisely as we
nmeasure horizontally.

8.4 Miltiple pointings, standard deviations, maxi num spreads, and conpare
multiple lines

PROCESSI NG SETUP # 1 AT STATION A2

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON Al 1S 4.0 SEC

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON Al 1S 1.0 SEC

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON BML 1S 7.0 SEC

REPETI TI ON ERROR ON MULTI PLE PO NTI NG TO STATI ON BML 1S 4.0 SEC

REPETI TI ON STANDARD ERRCRS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SD SD MAX HORZ. ELEV.
SPREAD ( MEAN) SPREAD DI ST. DI FF.

Al . 001 . 001 . 002 . 005 . 003 . 008 .000 * -.042*

BML . 000 . 000 . 000 . 001 . 000 . 001

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) MAX SPREAD

Al BML 2. 1. 1.

A setup and its observations can create information such as this. The

setup is always described by its point name and the setup nunber for that
station name. The setup nunber is very inportant in review ng the .gen and
matching that information to what is in .obs . As an exanple a problemin
the third setup at station Al5 allows one to nove in the .obs file past the
first two setups at Al5 to reach the setup of concern.

| mredi ately after the setup record is multiple pointing information, which
is the difference in horizontal circle reading between two pointings wth

the sane position nunber with the same tel escope orientation. In the
preceedi ng exanple this setup was occupied for a long tinme while collecting
a significant anmount of topographic detail. As a check the surveyor
routinely returned to the backsight(s) to assure that the horizontal circle
or instrunent setup has not been disturbed. In this case the surveyor was
using Al as a horizontal backsight (a long distance) and BML for a verti cal
backsight (a short distance). Miultiple pointing spreads would be

asterisked if above user defined tolerances. Note this nultiple pointing
error is with respect to horizontal circle readings, not horizontal angles.
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Next in the setup report are repetition errors resulting from multiple
observations where the values are reduced to horizontal distances,
elevation differences (mark to mark), and horizontal angles. EFBP selects
t he backsight station as the point which is observed the nost tines at that
set up. If different points are observed the same nunber of tinmes, the
first of those points in the observation list for that setup is selected as
the backsight as that generally 1is the first station sighted in
chronol ogi cal order.

Repetition errors are sinply derived in a sinple averagi ng process. Due to
the ability to <correct for instrunent systematic errors based on
calibration, direct and reverse readings are treated as individual
observations since they are corrected for instrunent systematic errors.
A der procedures for averaging used to average common direct and reverse
readi ngs, and then average those values, because instrunment calibration
values were not automatically being corrected. Wiile standard errors are
important, in blunder identification the maxi num (nmax) spread is of nore
important concern as it details the largest deviation fromthe average of
any single neasurenent. This value would be asterisked if above user
defined tol erance | evel.

O special inportance are the conpare horizontal distance and el evation
information. This area conpares the present setup's averaged values to a
previous setup which contains the occupied and sighted station. Thi s
normally occurs when a prism is used on a backsight as distance and
el evati on change are thus neasured in both directions on a line, and is an
incredibly reliable check on instrunent setup, height of instrunent, and
hei ght of target. The conparison is also nade if a setup is occupied
multiple tinmes and backsight(s) contain prisn(s). |In this exanple Al had
been previously occupi ed and A2 was neasured to in HVD node so this type of
conpari son can be nmade. The elevation difference conparison is asterisked
because 0.030 m was the tolerance for this conparison. This is an exanple
of where survey judgenent is needed to not be alarned by the asterisks
since a very long line nmakes it difficult to neasure

el evati on change precisely. At that setup the shorter line to the
benchmark wil| be the nore controlling observation for elevation
determnation. |If a line has been observed nore than tw ce, the conparison

is made to the first determnation on the line for elevation differences,
and the horizontal distance conparison is nmade to the existing weighted
average distance for that |ine.

8.5 Nunber of horizontal sideshots

1714 OF 1726 STATIONS ARE HORI ZONTAL SI DESHOTS

This nessage is an inportant indicator as the surveyor is generally able to
estimate how many traverse stations exist. If this indicator appears
incorrect, a station namng problem usually exists as it often causes
stations to be "connected" to stations in .obs which cannot be possible
based on your know edge of the field survey. A horizontal sideshot station
is defined as a station wthout horizontal control coordinates that is
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attached to only one other station by one angle and one distance
measurenment. A spur traverse (series of setups ending in a sideshot)

is recogni zed as all sideshots because the algorithm "peel s" sideshots in
an iterative fashion until no sideshots renain.

8.6 Traverse closure report

TRAVERSE CLOSURE REPORT

LI NEAR ERROR OF CLOSURE | S .048 M
PRECISION IS 1/ 17355.

STATI ON X COCR Y COCR
A2 495149. 598 128318. 648
TRAVL 495281. 157 128298. 531
A3 495980. 147 128287. 811
TRAVERSE CLOSURE REPORT

LI NEAR ERROR OF CLOSURE | S .051 M
PRECISION IS 1/ 16398.

STATI ON X COCR Y COCR
A2 495149. 598 128318. 648
TRAV2 495631. 118 128293. 637
A3 495980. 147 128287. 811
STATION BML HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE

FROM KNOWN BACKSI GHT
X=  495201.372 Y= 128318.744

STATION BW HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE
FROM KNOWN BACKSI GHT
X=  496993.652 Y= 128259. 200

Once the sideshots have been renoved, EFBP is required to identify how to
generate coordinates on all renaining points. This is necessary as the
horizontal |least squares adjustnent needs prelimnary (approxinate)
coordinates for all unknown stations. The algorithm generates prelimnary
coordi nates independent of the order in which the data was collected, and
can handle any conbination of any type of |oop traverse, link traverse,
intersection, or resection. The prelimnary coordinate generator tries to
find closure routes as an aid to the user in blunder detection. Note in

the above exanple two closure routes were found. BML and BM/ were not
traversed through and thus are not on a closure route. They were observed
fromnore than one station and are therefore redundant in nature. |In that

situation prelimnary coordinates are generated for that station from one
of the setups on which it was sighted.

A poor msclosure on one traverse can generate poor closures on subsequent
traverses even though all of the subsequent traverses have good data. One
shoul d always | ook for a problem on the first poor traverse, and correct
that probl em and re-process before evaluating those subsequent traverses.

The reason for this is best explained by exanple. A traverse from Al- A2-
A3-A4-A5 where Al and A5 are control points (or existing prelimnary
coordi nates) reports a poor closure. The coordinates on a link traverse,
whi ch are al ways subjected to a conpass rule adjustnent at this stage, wll

49



result in poor coordinates due to the poor closure. A subsequent traverse
A2- B1-B2- A3 coul d have good neasurenents but an apparent poor closure due
to the end point's coordinates being generated from a bad traverse. The
identification and correction of the problemin the first traverse Iink,
followed by re-processing, will provide suitable coordinates for A2 and A3
from the first traverse, and thus suitable closures on the subsequent
traverse.

8.7 Conpass rule residuals

DI STANCE RESI DUALS

DI STANCE RESI DUAL
Al - A2 . 016
A2 - BML . 000
A2 - TRAV1 . 008
TRAVL - A3 . 040
TRAVL - BML . 004
A3 - A2 . 046
A3 - TRAV2 . 021
TRAV2 - A2 . 029
A3 - M . 042
A3 - TRAV3 . 024
TRAV3 - A . 023
Ad - A5 . 030
Ad - BW . 000
Ad - TRAV4 . 016
TRAV4 - A5 . 014
TRAV4 - BW . 013
TRAV4 - TRAVS . 017
TRAVS - A . 029
TRAVS - A5 .001

ANGLE RESI DUALS

ANGLE RESI DUAL ( SEC)
Al -~ - BML .0
Al -~ - TRAVL -3.1
) - TRAVI - A3 .0
IV - TRAVI - BML -4.7
IV - A3 - TRAV2 -1.8
IV - TRAV2 - A3 .0
A - A3 - TRAV2 2.0
A - A3 - TRAV3 2.1
A3 - TRAVZ - A4 .0
TRAVZ - A4 - A5 -1.4
TRAVZ - A4 - BW .0
TRAVZ - A4 - TRAV4 -8.9
A - TRAVA - A5 .0
A - TRAVA - BW -15.0
A - TRAVA - TRAVS 5.4
A - TRAVE - A5 .0

When coordinate generation for every redundant station is conplete, al
redundant neasurenents are conpared to the prelimnary coordinates in
generating pre-least squares residuals (the difference between what you
nmeasured and the value as derived from the coordi nates. On neasurenents
that existed on traverses the residual is due to the conpass rule
adj ust nent . In the case of unique solutions such as the angle-distance
conbi nations for BML and BM/, the neasurenents used to conpute that point's
coordinates wll have zero residuals as they were wused in unique
determ nation of those coordinates. The other neasurenents to BML and

BW/ will contain pre-adjustnment residuals as they were not used in the
coordi nate conputati on. I f those neasurenents have |arge residuals, the
problem could be in either the neasurenents used to determne the
coordinates or in the ones that were not used.

50



Pre-adjustment residuals should be used with sone care as their nagnitude
can be m sl eading. A series of traverse closures in a conpass rule
adjustnent |ead to error accunulation in the coordinates that conpounds so
|ater traverses and their neasurenents wll appear of less quality than
they possibly are. The simultaneous |east squares adjustnment, where there
is no "hierarchy" of traverse routes, wll allow this apparent error
accumul ation to be renoved.
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Chapter 9.

Exam nati on of processing' s second report file - .1D

9.1 Exanpl e

The .1d file
.1d file
different data set than the Chapter 8 exanple.

job's

is the vertica
i's shown

in

| east

M SCLOSURE OF MULTI PLE ELEV. DI FFERENCE MEASUREMENTS
M SCLOSURE

STATI ONS

SERERERISYBEBEBBRRR
5

END OF M

A2

A2

A2

TRAV2
TRAV2
TRAV2
TRAV2
TRAV2
TRAV2
Ad

TRAV3
Ad

TRAV4
TRAV4
TRAV4
TRAV4
TRAV3
TRAV3

CLOSURE REPCRT

. 005
. 010
. 008
. 010
. 000
.001
. 008
. 004
. 008
. 005
. 026
. 036*
. 003
. 005
. 018
. 012
. 006
. 002

1708 OF 1726 STATIONS | DENTI FI ED AS VERTI CAL S| DESHOTS
BAND I S 10 STATI ONS
LEVEL NETWORK ADJUSTMENT

NUVBER OF BENCHVARKS =
NUMBER OF STATIONS =
NUVBER OF MEASUREMENTS =

NUMBER OF REQUI RED TERVS FOR NORVAL EQUATI ONS =

RESULTS OF ADJUSTMENT

18

9
25

BENCHVARK ELEVATI ON RESI DUALS

STATI ON

I NPUT ELEV.

BENCHVARK RM5 ERRCR =

MAX.  BENCHVARK RESI DUAL AT STATI ON

RESI DUALS
FROM

Al
A2
A2
TRAVL
TRAVL
A3
A3
TRAV2
TRAV2
TRAV2
A3
A3
TRAV3
TRAV3
TRAV3
Ad
Ad

POOOPONO©

211
101
448
114
996
898
715
717
252

ADJUSTED ELEV.

=

POOEPONO©

. 000 SNOCP RMB =

MEASURED

. 918
. 034
. 707
. 539
. 669

172

. 115
. 274
. 374
. 289
. 914
. 002
. 008
. 090
. 012
. 455
. 201

squares report.
its entirety.

188
ERROR EST. RESI DUAL

211 .001 000 (
101 .001 .000 (
448 .001 .000 (
114 .001 .000 (
996 .001 .000 (
898 .001 .000 (
715 .001 .000 (
717 .001 .000 (
. 252 .001 000 (

.0

BML oF . 000
RESI DUAL EST. ERROR

.003 ( .2) .013

.003 ( .2) .013

.005 ( .4) .012

.043 ( .9) . 049

.002 ( .2) .015

.028 ( .5) . 058

.007 ( .6) .013

.033 ( .9) . 039

.003 ( .1) .019

.000 ( .0) .019

.068 (1.2) . 059

.016 ( .9) .017

.007 ( .3) .021

.008 ( .3) . 030

.005 ( .4) .013

.038 ( .8) . 049

.000 ( .0) .018

The 1726 station topo
Note this is derived from a
This is a netric job.
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Ad BwW -.202 .003 ( .1) . 022
Ad TRAV4 -1.044 .001 ( .1) . 013
TRAV4 A5 -.374 .000 ( .0) . 025
TRAV4 BwW . 846 -.001 ( .1) . 015
TRAV4 TRAVS -.516 .006 ( .2) . 026
TRAVS Ad 1. 507 .046 (1.1) . 043
TRAVS A5 . 138 -.002 (.2 . 011
TRAV2 BMB -.584 .012 ( .6) . 020
ELEV. DIFF. RWMB ERRCR = . 022 SNOCP RMB = .5
MAX. ELEV. DI FF. RESI DUAL A3 - Ad OoF . 068

95% CONFI DENCE F STATI STI C STANDARD ERROR MULTIPLIER FOR 16 D.F. IS 2.71

STATI ON ADJUSTED ELEV. STANDARD ERROR
Al 9.211 . 002
A2 10. 132 . 014
BML 10. 101 . 002
TRAVL 9. 429 . 019
A3 8.933 . 022
TRAV2 8. 825 . 018
Ad 9. 915 . 018
TRAV3 8.914 .018
BM2 7.448 . 002
BMB 9.114 . 002
BMB 8. 252 . 002
A5 8. 498 . 035
BMB 9.715 . 002
BwW 9.717 . 002
TRAV4 8.872 . 021
TRAVS 8. 362 . 035
B} 8. 996 . 002
BMB 8. 898 . 002
STANDARD ERROR OF UNIT VEIGHT | S . 666

WTH 16 DEGREES OF FREEDOM

CH SQUARED TEST ON ANALYSI S
. 657 < .666 < 1.282

(LOowy
PASSES AT THE 5 % SI GNI FI CANCE LEVEL

Each section of the .1d report is now individually listed followed by a
di scussion of its information.

9.2 Conpare sanme line on different setups

M SCLOSURE OF MULTI PLE ELEV. DI FFERENCE MEASUREMENTS
STATI ONS M SCLOSURE

Al A2 . 005
Al - A2 . 010
Al - A2 . 008
A3 - TRAV2 . 010
A3 - TRAV2 . 000
A3 - TRAV2 .001
A3 - TRAV2 . 008
A3 - TRAV2 . 004
A3 - TRAV2 . 008
TRAV3 - M . 005
A3 - TRAV3 . 026
TRAV3 - M * . 036*
Ad - TRAV4 .003
Ad - TRAV4 . 005
Ad - TRAV4 . 018
Ad - TRAV4 . 012
A3 - TRAV3 . 006
A3 TRAV3 . 002

END OF M SCLOSURE REPORT

Wiile elevation differences in the .gen report are conpared to the first
setup's values for that line, in this report the conparisons in this report
are made to the existing weighted average for that el evation difference.

Note the tol erance was set at 0.03 m for asterisks on elevation difference
conparisons, and one appears larger than that. In this case this was not
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cause for alarmas it is on a long line (407 m) which was being used as
hori zontal backsights, and the long line relates to a larger error estinate
in the least squares analysis. Thus the long lines have fairly mninal
weight in the |east squares analysis. Sone |ines were neasured many tines
as they served as backsights for several setups on the sane point for |arge
anounts of topographic data coll ection.

9.3 Nunber of sideshots, bandw dth, and adjustnent network size

1708 OF 1726 STATIONS | DENTI FI ED AS VERTI CAL S| DESHOTS
BAND I S 10 STATI ONS
LEVEL NETWORK ADJUSTMENT

NUVBER OF BENCHVARKS = 9

NUMBER OF STATIONS = 18

NUVBER OF MEASUREMENTS = 25

NUMBER OF REQUI RED TERVS FOR NORVAL EQUATI ONS = 188

Si deshot s are non-benchmarks whi ch are connected to only one other station.
Spurs are renoved by elimnating the legs of the spur(s) in an iterative

fashion until all non-benchmarks are connected to at |east two other
stations. The surveyor is wusually aware of approximately how mnany
redundant el evation points should exist. Station msnamng is usually the
probl em when this nunber is incorrect. Note the nunber of horizontal

sideshots may not equal the nunber of vertical sideshots as the |ocation
and nunber of horizontal vs. vertical control points could vary, and thus
t he redundant portion of the survey can contain different stations.

The band is an indicator of the size of the equations required for the
vertical |east squares analysis, and is thus an indicator to a user how
long the solution will take to be resolved. The normal equations are the
equations that are solved in least squares, and its nunber of terns is a
function of the bandw dth and the nunber of stations. The tinme required
for the solution to resolve is also a function of the nunber of stations
and t he processing speed of your conputer.

The remaining information is sinply sonme nuneric information regarding the
size of the survey. The nunber of neasurenents is reflected after weighted
averagi ng has created one elevation difference for every line in the survey
net wor k.

9.4 Benchmark adj ustnent information

BENCHVARK ELEVATI ON RESI DUALS

STATI ON I NPUT ELEV. ADJUSTED ELEV. ERROR EST. RES| DUAL

Al 9.211 9.211 . 001 .000 ( .0)
BML 10. 101 10. 101 . 001 .000 ( .0)
BMWR 7.448 7.448 . 001 .000 ( .0)
BMVB 9.114 9.114 . 001 .000 ( .0)
BV4 8. 996 8. 996 . 001 .000 ( .0)
BMVb 8. 898 8. 898 . 001 .000 ( .0)
BMB 9.715 9.715 . 001 .000 ( .0)
BW 9.717 9.717 . 001 .000 ( .0)
BMVB 8. 252 8. 252 . 001 .000 ( .0)

This portion reflects the benchmarks. Note through the use of error

estimates in the .ctl file for benchmarks it is possible to allow themto
be treated as a neasurenent in the adjustnent instead of an absolutely
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fixed value. This would allow the benchmark el evations to adjust based on
the | east squares, and thus a residual (anount of adjustnent) wll appear.
The 0.001 m error estimate reflects the benchmarks are to be held fixed
(because 0.001 m is a very low error estimate conpared to the error
estimates on the elevation differences. The nunber in the parenthesis is
the snoop nunber, which is the absolute value of the residual divided by
the error estimate. Snoop nunbers larger than 3.0 are asterisked as that
reflects a high level of certainty that sonething is wong wth the data as
the residual is nore than three tinmes larger than its error estinate.

Note a large blunder can often create several other neasurenents to be
asterisked. The definitions of snoop nunber, residual, and error estinate
are consistent for all types of neasurenents in the .1d and .2d reports.

9.5 Benchmark rns errors and naxi mum benchmar k resi dual

BENCHVARK RM5 ERRCR = . 000 SNOCP RMB = .0
MAX.  BENCHVARK RESI DUAL AT STATI ON BML OF . 000

RVS is an abbreviation for root-nean-square. RMS error is the square root
of the sum of the squares of the residuals divided by the nunber of
measurenents for that particular type of measurenent. It can thus sinply
be described as a form of average residual. The snoop rns is the
equi val ent conputation for the snoop nunbers for that type of neasurenent.
The maximum residual is the largest residual in an absolute sense
(i ndependent of error estimates and sign). Definitions of RVB error and
maxi mum residual are consistent for all types of neasurenents in the .1d
and . 2d reports.

9.6 Elevation difference i nformati on

RESI DUALS
FROM TO MEASURED RESI DUAL EST. ERROR
Al V) .918 .003 ( .2) .013
V) BML -.034 .003 ( .2) .013
A2 TRAVL -.707 .005 ( .4) .012
TRAVL A3 -.539 .043 ( .9) . 049
TRAVL BML . 669 .002 ( .2) .015
A3 A2 1.172 .028 ( .5) . 058
A3 TRAV2 -.115 .007 ( .6) .013
TRAV2 V) 1.274 .033 ( .9) . 039
TRAV2 BMVR -1.374 -.003 ( .1) .019
TRAV2 BMVB . 289 .000 ( .0) .019
A3 Al .914 .068 (1.2) . 059
A3 TRAV3 -.002 -.016 ( .9) .017
TRAV3 A 1.008 -.007 ( .3) .021
TRAV3 BMVA . 090 -.008 ( .3) . 030
TRAV3 BVG -.012 -.005 ( .4) .013
A 5 -1.455 .038 ( .8) . 049
A BVB -.201 .000 ( .0) .018
A BWY -.202 .003 ( .1) . 022
A TRAVA -1.044 .001 ( .1) .013
TRAVA A5 -.374 .000 ( .0) . 025
TRAVA BWY . 846 -.001 ( .1) .015
TRAVA TRAVS -.516 .006 ( .2) . 026
TRAVS Al 1. 507 046 (1.1) .043
TRAVS A5 .138 -.002 ( .2) .011
TRAV2 BMVB -.584 .012 ( .6) . 020

The elevation difference station names, neasurenents (wei ghted average for
lines observed nmultiple tines), elevation difference, residual, snoop
nunber, and error estimate are presented. Everything is self-explanatory

except for possibly error estinates. The general concept of error
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estimation is explained elsewhere in this user's guide. For el evation
differences, the error estimate is generally derived from the repetition
error (if neasured nore than once fromthe same setup), nunber of distinct
nmeasurenments which have been averaged in a weighted procedure, and user
defined constant and ppm (parts per mllion) error estinmates. The ppm
pl aces larger error estimates on longer lines which is very logical in
trigononetric |eveling.

O specific interest is that the magnitude of the asterisked values in the
multiple elevation difference neasurenent conparison is not reflected as
predomnately in the |east squares residuals. The wei ghted averaging
process, especially when lines are neasured in both directions, elimnates
a major portion of this apparent m scl osure.

9.7 Elevation difference rns errors and naximum elevation difference
r esi dua

ELEV. DIFF. RWMB ERRCR = . 022 SNOCP RMB = .5
A3 R

MAX. ELEV. DI FF. RESI DUAL Ad OoF . 068

These paraneters are the sane in nature for elevation differences as they
were for benchmark elevations. Note the elevation difference (or any
other) neasurenent RVMS error does not reflect the difference in error
estimates of mneasurenents of that type. The snoop RM5 is thus a better
indicator of the overall relation of residuals to error estimates for that
particul ar neasurenent type.

9.8 F statistic multiplier, adjusted el evations, and 95% el evati on standard
errors

95% CONFI DENCE F STATI STI C STANDARD ERROR MULTIPLIER FOR 16 D.F. IS 2.71

STATI ON ADJUSTED ELEV. STANDARD ERROR
Al 9.211 . 002
A2 10. 132 . 014
BML 10. 101 . 002
TRAVL 9. 429 . 019
A3 8.933 . 022
TRAV2 8. 825 . 018
Ad 9. 915 . 018
TRAV3 8.914 .018
BM2 7.448 . 002
BMB 9.114 . 002
BMB 8. 252 . 002
A5 8. 498 . 035
BMB 9.715 . 002
BwW 9.717 . 002
TRAV4 8.872 . 021
TRAVS 8. 362 . 035
B} 8. 996 . 002
BMB 8. 898 . 002

The F-statistic nultiplier is applied to all one sigma standard errors of
final coordinates in achieving 95 % confi dence coordi nate standard errors.
As the redundancy (nunmber of degrees of freedom grows this multiplier
decreases because added redundancy provides nore confidence in vyour
results. The adjustnent's standard error of unit weight is also a
multiplier in obtaining final coordinate standard errors.
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Final adjusted coordinates and 95 % confidence standard errors (if this
option is activated) follow. The nmeaning of the standard errors is that if
you went and perforned the sanme survey again under the sanme conditions you
woul d be 95% confident you would be within the standard error of the
adj usted el evati on.

9.9 Standard error of unit weight and degrees of freedom

STANDARD ERROR OF UNIT WEIGHT | S . 666

W TH 16 DEGREES OF FREEDOM
The standard error of unit weight is the square root of the sum of the
snoop nunbers squared divided by the nunber of degrees of freedom | f
error estimation is being performed reasonably with regards to the quality
of the measurenents, and no blunders exist, the standard error of wunit
weight will be near one. Less than one indicates the neasurenents tend to
be of better quality than the error estimates, and greater than one
i ndicates the neasurenents are of less quality than the error estimtes, or
bl unders exi st. It is up to the surveyor to deem if the adjustnent is
valid through examnation of standard error of unit weight, residuals,
snoop nunbers, and RMS errors.

The nunber of degrees of freedom is nunber of benchmarks plus nunber of
el evation differences mnus nunber of elevations. In our exanple those
nunbers are 9, 25, and 18 respectively, so the nunber of degrees of freedom
is 9+25-18=16.

9.10 Chi squared test on standard error of unit weight

CH SQUARED TEST ON ANALYSI S
. 657 < .666 < 1.282

(LOy
PASSES AT THE 5 % SI GNI FI CANCE LEVEL

The chi squared test is a test of the validity of the |east squares

analysis, i.e., do the residuals reflect the quality of the error estinmate
based on the resultant standard error of unit weight. It is perforned at
the 5 % significance level which is 95% confidence. The high and |ow

val ues of the range which defines passing the test shrinks as the nunber of
degrees of freedom grows. This is because nore redundancy should ensure
nore consistency in resultant data. Passi ng anything at 95% confi dence is
not easy, and thus one should not regard failure of the test as a need to
reprocess the data. Use survey judgenent in evaluation of residuals, snoop
nunbers, rns errors, and standard error of wunit weight in verifying the
suitability of the adjustnent.
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Chapter 10. Examnation of processing's third report file - .2d

10.1 2D least squares input files - .lsa and .2sd

The .2d report is generated fromtwo files - .lIsa (neasurenents) and .2sd
(error estimates). These files are generated by the abstracting and
prelimnary coordinate generation process of EFBP. The first four
conmponents of .lsa and .2sd conpl enent one another. These sections (in

order) are control coordinates, horizontal distances, horizontal angles,
and azimuths. A line of data ends with a 0 or a 1. A 0 neans nore of that
data type follows, while a 1 designates the end of that data type.

The control coordinate format is station X Y in .lsa, while in .2sd the XY
error estimates replace the coordi nates. The distances are fromstation
to_station distance (error estimate in .2sd). The angles are
backsi ght _station occupied station foresight station degrees mnutes
seconds. Angle error in seconds replaces the neasurenent in .2sd.
Azimuths are fromstation to_station degrees mnutes seconds. Azi mut h
error in seconds replaces the neasurenent in .2sd . Al neasurenents are
not yet reduced to grid if a datum has been selected. The fifth section of
.Isa are the horizontal approximte coordinates required for the 2-d

| east squares to operate. The format is station_nane X Y followed by a O
or 1 as defined before.

The .Isa file for the presented .2d file follows. Note no azinuths exist
inthis job so the station nanes are zeroes.

Al 494886. 316 128284. 789 0
A2 495149. 598 128318. 648 0
A3 495980. 147 128287. 811 0
Ad 496811. 525 128276. 865 0
A5 497318. 565 128280. 773 1
Al A2 265. 467 0
A2 BML 51.774 0
A2 TRAVL 133. 096 0
TRAVL A3 699. 112 0
TRAVL BML 82. 310 0
A3 A2 831. 167 0
A3 TRAV2 349. 099 0
TRAV2 A2 482. 199 0
A3 Ad 831. 492 0
A3 TRAV3 424. 092 0
TRAV3 Ad 407. 406 0
Ad A5 507. 085 0
Ad BwW 182. 982 0
Ad TRAV4 269. 433 0
TRAV4 A5 237.796 0
TRAV4 BwW 88. 345 0
TRAV4 TRAVS 249.781 0
TRAVS Ad 518.918 0
TRAVS A5 12. 896 1
Al A2 BML 187 13 18.50 0
Al A2 TRAVL 196 1 17.25 0
A2 TRAVL A3 172 11 4.25 0
A2 TRAVL BML 531 17.00 O
A2 A3 TRAV2 358 49 46.25 0
A2 TRAV2 A3 177 58 58.75 0
Ad A3 TRAV2 180 12 9.25 0
Ad A3 TRAV3 359 55 14.50 0
A3 TRAV3 Ad 180 9 47.03 0
TRAV3 Ad A5 178 43 13.88 0
TRAV3 Ad BW 184 42 8.38 0
TRAV3 Ad TRAV4 179 59 58.13 0
Ad TRAV4 A5 177 16 2.87 0
Ad TRAV4 BW 350 13 20.88 0
Ad TRAV4 TRAVS 176 8 55.88 0
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Ad

0

BML
TRAVL
TRAV2
TRAV3
BwW
TRAV4
TRAVS

The .2sd file foll ows.

A5 336 52 17.12 1

0 0 0 .00 1
495201. 372 128318. 744
495281. 157 128298. 531
495631. 118 128293. 637
496404. 186 128282. 819
496993. 652 128259. 200
497080. 913 128272. 918
497330. 332 128286. 047

RPOOOOOO

Note the setup error for angles and azinmuths is not

yet applied to these values which explains why the error estimates in .2d
are larger than the error estimates in this file. Note the shorter Ilines
receive |larger setup error contributions than |onger |ines.
Al .001 . 001 0
A2 . 001 . 001 0
A3 . 001 . 001 0
A4 . 001 . 001 0
A5 . 001 . 001 1
Al A2 . 003 0
A2 BML . 005 0
A2 TRAV1 . 004 0
TRAV1 A3 . 009 0
TRAV1 BML . 006 0
A3 A2 .010 0
A3 TRAV2 . 003 0
TRAV2 A2 . 007 0
A3 A4 .010 0
A3 TRAV3 . 004 0
TRAV3 A4 . 004 0
A4 A5 . 008 0
A4 BW . 006 0
A4 TRAV4 . 003 0
TRAV4 A5 . 006 0
TRAV4 BW . 006 0
TRAV4 TRAV5S . 007 0
TRAVS A4 . 008 0
TRAVS A5 . 005 1
Al A2 BML 7.17 0
Al A2 TRAV1 9.25 0
A2 TRAV1 A3 6.25 0
A2 TRAV1 BML 8.00 O
A2 A3 TRAV2 7.25 0
A2 TRAV2 A3 7.25 0
A4 A3 TRAV2 10.75 0
A4 A3 TRAV3 7.50 0
A3 TRAV3 A4 18.47 0
TRAV3 A4 A5 10.75 0
TRAV3 A4 BW 9.25 0
TRAV3 A4 TRAV4 11.50 0
A4 TRAV4 A5 10.87 0
A4 TRAV4 BW 9.87 0
A4 TRAV4 TRAVS 9.88 0
A4 TRAV5S A5 7.13 1

10. 2 Exanpl e Qut put

The .2d file is the horizontal

| east squares report.

job's .2d file is shown inits entirety.

PARAMETRI C HORI ZONTAL LEAST SQUARES ADJUSTMENT

ALL MEASUREMENTS ARE REDUCED TO THE NAD 90
0903 FLORI DA NORTH LAMBERT

COORDI NATE AND DI STANCE UNI TS ARE METERS

BAND | S

5 STATI ONS

NUMBER OF TERVB REQUI RED I N NORVAL EQUATIONS = 277

95% CONFI DENCE F STATI STI C STANDARD ERRCR MULTI PLI ER FOR

STATI ON

Al
A2

RESULTS OF ADJUSTMENT
STANDARD ERRCRS

ADJUSTED X ADJUSTED Y INX INY
494886. 316 128284. 789 .001 .001
495149. 598 128318. 648 .001 . 001

21 DF. IS 2.64

ERRCR ELLI PSE | NFO
SU SV T

. 001
. 001

.001

-7.3
.001 -4.6

The 1726 station topo

59



BML
TRAVL

TRAV2
TRAV3
BwW

TRAV4
TRAVS

MAX. NORTHI NG RESI DUAL AT A4

QOCCUPI ED
STATI ON

Al
A2
A2
TRAVL
TRAVL
A3
A3
TRAV2
A3
A3
TRAV3
Ad
Ad
Ad
TRAV4
TRAV4
TRAV4
TRAVS
TRAVS

495201.
495281.
495980.
495631.
496811.
496404.
497318.
496993.
497080.
497330.

370
157
147
116
525
186
565
644
913
333

128318.
128298.
128287.
128293.
128276.
128282.
128280.
128259.
128272.
128286.

744
531
811
637
865
823
773
196
921
048

. 005
. 004
.001
. 003
.001
. 003
.001
. 005
. 003
. 004

RESI DUALS | N THE OBSERVATI ONS

CONTRCL PO NT COCRDI NATES

X RESIDUAL X EST. ERROR Y RESIDUAL Y EST. ERROR

DI STANCE RV5 ERROR =
MAX. DI STANCE RESI DUAL

BACKSI GHT
STATI ON

RRREJIJICREBRRBER
$55

.000 ( .2) .001 . 000
.000 ( .0) .001 . 000
.000 ( .1) .001 . 000
.000 ( .1) .001 . 000
.000 ( .1) .001 . 000
RVE = .000 SNOCP RVB = .1
DUAL AT Al OF . 000
.000 SNOCP RVB = .0
oF . 000
DI STANCES
SI GHTED DI STANCE
STATI ON
V) 265. 453
BML 51.771
TRAVL 133. 089
A3 699. 075
BML 82. 305
A2 831.123
TRAV2 349. 080
V) 482.173
Al 831. 448
TRAV3 424.069
A 407. 384
A5 507. 058
BWY 182. 972
TRAVA 269. 418
A5 237.784
BV 88. 340
TRAVS 249. 768
A 518. 890
5 12. 895
.002 SNOCP RVB = .4
TRAV2 -
ANGLES
OCCUPIED  FORESI GHT ANGLE
STATI ON STATI ON
2 BML 187-13- 18
IV TRAVL 196- 1-17
TRAVL A3 172-11- 4
TRAVL BML 5-31-17.
A3 TRAV2 358- 49- 46
TRAV2 A3 177- 58- 58
A3 TRAV2 180-12- 9
A3 TRAV3 359-55- 14
TRAV3 A 180- 9-47
A A5 178- 43-13
A BV 184-42- 8
Al TRAVA 179- 59- 58
TRAVA A5 177-16- 2
TRAVA BWY 350- 13- 20
TRAVA TRAVS 176- 8-55
TRAVS 5 336-52- 17

ANGLE RVM5 ERROR =
MAXI MUM ANGLE RESI DUAL

OF 5.1 SEC.

STANDARD ERROR OF UNIT VEIGHT | S
WTH 21 DEGREES OF FREEDOM
CH SQUARED TEST ON ANALYSI S

2.8 SECONDS SNOCP RMVB =
A R

. 420

.003 .005 .003 -86.5
.004 .004 .004 -84.0
.001 .001 .001 1.4
.007 .007 .003 1.2
.001 .001 .001 1
.010 .010 .003 7
.001 .001 .001 -.4
.006 .006 .005 19.0
.005 .005 .003 .8
.003 .004 .003 59.9
( .0) .001
( .0) .001
( .0) .001
( .0) .001
(.0) .001
RESIDUAL  EST. ERRCR

.002 ( .6) .003
-.001 ( .2) . 005
.001 ( .3) .004
.003 ( .3) . 009
-.001 ( .3) . 006
.002 ( .2) .010
.001 ( .3) .003
.006 ( .8) .007
-.002 ( .2) .010
.001 ( .3) .004
.001 ( .4) .004
.002 ( .3) .008
-.002 ( .3) . 006
.002 ( .5) .003
.002 ( .3) . 006
-.002 ( .3) . 006
.002 ( .3) .007
.000 ( .0) .008
-.001 ( .3) . 005

V) oF . 006

RESIDUAL  EST. ERRCR
( SECONDS) ( SECONDS)
5 -1.8 ( .2) 10.8
2 -1.9 (.2 9.9
2 -1.3 (.2 7.0
0 -20 (.2 9.9
2 -1.5 (.2 7.4
7 5 (.1) 7.4
3 2.3 (.2 10.8
5 3.7 ( .5) 7.6
0 -3.1 (.2 18.5
9 .2 (.0 10.8
4 41 (.4 9.6
1 -4.9 ( .4) 11.6
9 -51 ( .5) 11.1
9 -3.3 (.3 11.0
9 8 (.1 10.1
1 -1.8 ( .1) 32.8
.3

TRAVA - 5
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700 < .420 < 1.247
(LOW HI GH)
DOES NOT PASS AT THE 5 % SI GNI FI CANCE LEVEL

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 832. 164

CLCSURE IN X = -.004 CLOSURE IN Y = -.004

ANGULAR CLOSURE = 1.3 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATION) IS . 004

BEFORE ROTATION PRECISION | S 1/ 142855.

AFTER ROTATION PRECISION IS 1/ 216536.

STATI ON BEARI NG DI STANCE X Y

A2 495149. 598 128318. 648
TRAVL S81- 18- 22. 4E 133.088  495281. 157 128298. 531
A3 S89- 7-16. 8E 699. 073  495980. 147 128287. 811

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 831. 253

CLOSURE IN X = -.007 CLOSURE IN Y = . 001

ANGULAR CLOSURE = -. 5 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATIQN) IS . 007

BEFORE ROTATION PRECISION | S 1/ 125075.

AFTER ROTATION PRECISION IS 1/ 126100.

STATI ON BEARI NG DI STANCE X Y

A2 495149. 598 128318. 648
TRAV2 S87- 1-35.8E 482.168  495631. 116 128293. 637
A3 S89- 2-37.5E 349.079  495980. 147 128287. 811

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 831. 453

CLCSURE IN X = -.003 CLOSURE IN Y = -. 006

ANGULAR CLOSURE = 3.1 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATION) | S . 003

BEFORE ROTATION PRECISION | S 1/ 124017.

AFTER ROTATION PRECISION IS 1/ 323735.

STATI ON BEARI NG DI STANCE X Y

A3 495980. 147 128287. 811
TRAV3 S89- 19- 33. 6E 424.068  496404. 186 128282. 823
Ad S89- 9-43.4E 407.382  496811. 525 128276. 865

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 507. 202

CLCSURE IN X = -.003 CLOSURE IN Y = -. 006

ANGULAR CLOSURE = 5.1 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATIQN) IS . 003

BEFORE ROTATION PRECISION | S 1/ 74806.

AFTER ROTATION PRECISION IS 1/ 153355.

STATI ON BEARI NG DI STANCE X Y

Ad 496811. 525 128276. 865
TRAV4 S89- 9-40. 5E 269.417  497080. 913 128272. 921
A5 N88- 6-27.5E 237.782  497318. 565 128280. 773

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 531. 785

CLCSURE IN X = -.002 CLOSURE IN Y = . 000

ANGULAR CLOSURE = 1.8 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATION) | S . 002

BEFORE ROTATION PRECISION | S 1/ 324257.

AFTER ROTATION PRECISION IS 1/ 335623.

STATI ON BEARI NG DI STANCE X Y

Ad 496811. 525 128276. 865
TRAVS N88-59- 9. 6E 518.890  497330. 333 128286. 048
A5 S65- 51- 28. 5W 12.896  497318. 565 128280. 773
TOTAL LENGTH OF EVALUATED TRAVERSE DI STANCE = 3.534 KM

PRECI SI ON BASED ON LATI TUDE AND DEPARTURE CLOSURES = 1 / 128057.
PRECI SI ON AFTER ORI ENTATI ON CORRECTION = 1 / 197475.



The i ndi vi dual conponents of .2d are now di scussed.
10. 3 Datum par aneters

ALL MEASUREMENTS ARE REDUCED TO THE NAD 90
0903 FLORI DA NORTH LAMBERT

COORDI NATE AND DI STANCE UNI TS ARE METERS

This information is only output if a datumand zone are defined in the .ctl
file using program CTL. EFBP only utilizes NAD 27 or NAD 83, but you are
able to replace those nunbers with a different year of adjustnent. As an
exanple, in Florida the Hgh Accuracy Regional Network (HARN) was
establ i shed/adjusted in 1990 and is known as NAD 83 (90). This survey
utilized those coordinates and thus 90 was entered instead of 83. It is
the sane ellipsoid and state plane zone constants, but the 90 indicates to
a reviewer which adjustnent is referenced. A nunber larger than 82 tells
EFBP to use NAD 83 constants, and a nunber less than 83 indicates to the
programto use NAD 27 constants.

The state plane zone which is attributed in .ctl is output along with the

units defined in the .ctl . In NAD 83 neters, survey foot, and
international foot are the possible selections. In NAD 27 only survey foot
is allowed. In assunmed coordinates no units selection is output as no

geodetic reductions are required. The .obs header is not used to defined
units, the .ctl is used for this purpose.

The input files to the horizontal |east squares are the .lsa (horizonta
measur enents) and .2sd (horizontal neasurenent error estimtes files.

10. 4 Bandwi dt h, adjustnent size, and F statistic

BAND | S 5 STATI ONS

NUMBER OF TERVS REQUI RED | N NORVAL EQUATI ONS = 277

95% CONFI DENCE F STATI STI C STANDARD ERROR MULTI PLI ER FOR 21 DF. 1S 2.64
The definition of this information was described in the .1d file. It is

the same for the .2d file as the definition is generic to any | east squares
adj ust nent .

10.5 Adjusted coordinates, 95% confidence coordinate standard errors and
error ellipses

RESULTS OF ADJUSTMENT
STANDARD ERRORS ERRCR ELLI PSE | NFO

STATI ON ADJUSTED X ADJUSTED Y INX INY SU SV T
Al 494886. 316 128284. 789 . 001 .001 .001 .001 -7.3
A2 495149. 598 128318. 648 .001 .001 .001 .001 -4.6
BML 495201. 370 128318. 744 . 005 . 003 . 005 .003 -86.5
TRAVL 495281. 157 128298. 531 . 004 . 004 . 004 .004 -84.0
A3 495980. 147 128287. 811 .001 . 001 .001 .001 1.4
TRAV2 495631. 116 128293. 637 . 003 . 007 . 007 . 003 1.2
Ad 496811. 525 128276. 865 .001 .001 .001 .001 .1
TRAV3 496404. 186 128282. 823 . 003 . 010 . 010 . 003 .7
A5 497318. 565 128280. 773 . 001 . 001 .001 . 001 .4
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BwW 496993. 644 128259. 196 . 005 . 006 . 006 . 005 19.0
TRAV4 497080. 913 128272. 921 . 003 . 005 . 005 . 003 .8
TRAVS 497330. 333 128286. 048 . 004 . 003 . 004 .003 59.9

Station nane, adjusted X (easting), and adjusted Y (northing) are always
listed. The remaining itens are 95% confidence error statistics if that
option is turned on in the options nenu of EFBP. Standard errors in X and
Y nean if you did the same survey over under the sanme conditions you are
95% confi dent about the repeatability of that coordinate within that range.
The size of these values grow as a point is further fromcontrol. An error
ellipse is the sane type of repeatability in a point's 2-D position. SUIis
the sem-major axis, SV is the sem-mnor axis and T is the angle from
north (clockw se positive) of the sem-major axis. Note a sem -distance is
fromthe center of the ellipse to its exterior. An error ellipse follows
the sane logic as coordinate standard errors relative to distance from
control

10.6 Control point residual information
RESI DUALS | N THE OBSERVATI ONS
CONTRCL PO NT COCRDI NATES

STATI ON X RESIDUAL X EST. ERROR Y RESIDUAL Y EST. ERRCR
Al .000 ( .2) .001 .000 ( .0) .001

2 .000 ( .0) .001 .000 ( .0) .001

A3 .000 ( .1) .001 .000 ( .0) .001

A .000 ( .1) .001 .000 ( .0) .001

A5 .000 ( .1) .001 .000 ( .0) .001
EASTI NG CONTROL RMVB = .000 SNOCP RVB = .1

MAX. EASTI NG RESI DUAL AT Al OF . 000

NORTHI NG CONTROL RVB = .000 SNOCP RMB = .0

MAX. NORTHI NG RESI DUAL AT A4 oF . 000

Control error estimates, residuals, snoop nunbers, and rns errors work the
sane as with benchmarks in the .1d report. Note northings and eastings are
treated as separate neasurenents, and thus a northing control error
estimate may not equal its easting partner. Traverse generally produces
better coordinates in the cardinal direction in which the traverse runs.

10.7 Horizontal distance residual information

DI STANCES

QOCCUPI ED S| GHTED DI STANCE RESI DUAL EST. ERRCR
STATI ON STATI ON

Al A2 265. 453 .002 ( .6) . 003
A2 BML 51.771 -.001 ( .2) . 005
A2 TRAVL 133. 089 .001 ( .3) . 004
TRAVL A3 699. 075 .003 ( .3) . 009
TRAVL BML 82. 305 -.001 ( .3) . 006
A3 A2 831. 123 .002 ( .2) . 010
A3 TRAV2 349. 080 .001 ( .3) . 003
TRAV2 A2 482. 173 .006 ( .8) . 007
A3 Ad 831. 448 -.002 (.2 . 010
A3 TRAV3 424. 069 .001 ( .3) . 004
TRAV3 Ad 407. 384 .001 ( .4) . 004
Ad A5 507. 058 .002 ( .3) . 008
Ad BwW 182. 972 -.002 ( .3) . 006
Ad TRAV4 269. 418 .002 ( .5) . 003
TRAV4 A5 237.784 .002 ( .3) . 006
TRAV4 BwW 88. 340 -.002 ( .3) . 006
TRAV4 TRAVS 249.768 .002 ( .3) . 007
TRAVS Ad 518. 890 .000 ( .0) . 008
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TRAVS A5 12. 895 -.001 ( .3) . 005

DI STANCE RV5 ERROR = . 002 SNOOP RMB = .4

MAX. DI STANCE RESI DUAL TRAV2 - A2 OF . 006

D stance neasurenent |east squares residuals and rel ated val ues operate the
sane as elevation differences in the .1d report. A very inportant

additional point to note is that the distance reported is the measured
value reduced to grid (or the measured value if an assunmed coordinate
systemis designated). Only one distance (wei ghted nean) appears for each
measured line no matter how many tinmes it was neasured in the .obs file.
In the .1d file nmeasured elevation differences (not adjusted values) are
al so listed. This thenme of I|isted neasured, not adjusted, values is
consistent for all neasurenent types in the .1d and .2d reports.
Resi dual s, snoop nunbers, error estimates, and rns errors are simlar to
previous definition.

10. 8 Horizontal angle residual information

ANGLES

BACKSI GHT  OCCUPI ED FORESI GHT ANGLE RESI DUAL EST. ERRCR
STATI ON STATI ON STATI ON ( SECONDS) ( SECONDS)
Al A2 BML 187-13-18.5 -1.8 (.2 10.8
Al A2 TRAVL 196- 1-17.2 -1.9 (.2 9.9
A2 TRAVL A3 172-11- 4.2 -1.3 (.2 7.0
A2 TRAVL BML 5-31-17.0 -2.0 (.2 9.9
A2 A3 TRAV2 358-49-46. 2 -1.5 (.2 7.4
A2 TRAV2 A3 177-58-58.7 .5 (.1) 7.4
Ad A3 TRAV2 180-12- 9.3 2.3 (.2 10.8
Ad A3 TRAV3 359-55-14.5 3.7 (.5 7.6
A3 TRAV3 Ad 180- 9-47.0 -3.1 (.2 18.5
TRAV3 Ad A5 178-43-13.9 .2 (.0 10.8
TRAV3 Ad BW 184-42- 8.4 -4.1 (.4 9.6
TRAV3 Ad TRAV4 179-59-58.1 -4.9 (.4 11.6
Ad TRAV4 A5 177-16- 2.9 -5.1 ( .5) 11.1
Ad TRAV4 BW 350-13-20.9 -3.3 ( .3) 11.0
Ad TRAV4 TRAVS 176- 8-55.9 .8 (.1) 10.1
Ad TRAVS A5 336-52-17.1 -1.8 ( .1) 32.8

ANGLE RV5 ERROR = 2.8 SECONDS SNOCP RMVB = .3

MAXI MUM ANGLE RESI DUAL Ad - TRAV4 - A5

OF 5.1 SEC.

Angle residuals are again the difference between what is neasured and the
adj usted value. The nmeasured value is the nean at a setup, thus another
setup which neasured that sane angle would also appear. |If a state plane
zone was selected a small (usually less than 0.1 seconds) called the T-t
correction is applied to all horizontal angles and would be reflected in
t he neasured val ues. Note the lines usually have to be longer than 0.5
mles for the T-t correction to exceed 0.1 seconds. Al residuals, error
estimates, and rns errors are provided in seconds.

If azimuths were in a job they would follow the angles and have a simlar
format. Note azinmuths do not exist in .obs but instead are in the control
(.ctl) file. Astronomc azimuths in .ctl are reduced to grid and output in
.2d as grid val ues. Error estimates are assigned to the azinmuths during
creation of the .ctl file.

10.9 Standard error of unit weight, degrees of freedom and chi squared
t est

STANDARD ERROR OF UNIT VEIGHT IS . 420
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WTH 21 DEGREES OF FREEDOM
CH SQUARED TEST ON ANALYSI S
700 < .420 < 1.247
(LOW (H GH
DOES NOT PASS AT THE 5 % SI GNI FI CANCE LEVEL

The standard error of wunit weight and the chi squared test on it are
simlar toits definitionin the .1d report. In the .2d report the degrees
of freedomis equal to 2 * the nunber of control coordinates + nunber of
di stances + nunber of angles + nunber of azimuths - 2 * total nunber of
stations. This is nore sinply defined as nunber of neasurenments m nus
nunber of unknowns. Note the chi squared test "failed" on the good end -
the residuals were smaller than the error estimates. Wile this concept of
failure is statistically correct, as a surveyor one should sinply be happy
that this occurred and accept these results.

10.10 Traverse closure report

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 507. 202
CLCSURE IN X = -.003 CLOSURE IN Y = -. 006

ANGULAR CLOSURE = 5.1 SECONDS

LI NEAR ERROR OF CLOSURE (AFTER ROTATIQN) IS . 003
BEFORE ROTATION PRECISION | S 1/ 74806.

AFTER ROTATION PRECISION IS 1/ 153355.

STATI ON BEARI NG DI STANCE X Y

A4 496811. 525 128276. 865

TRAV4 S89- 9-40.5E 269. 417 497080. 913 128272. 921

A5 N88- 6-27.5E 237.782 497318. 565 128280. 773

Traverse closures are perforned after the |east squares adjustnment process
is conpleted. Wiich traverse closures are performed in no way affects the
| east squares adj ustnent.

Only one traverse closure is shown as an exanple. EFBP tries to place
every unknown redundant station on at |east one traverse closure. Once an
unknown point is on a closure route EFBP may choose to use its |east
squares adjusted coordinates as an end point of a link traverse. I f you
desire additional closure information one should run program CHK Li nk
traverses are conputed between the adjusted coordinates of the traverse
closure end points. The initial bearing is derived fromthe inverse of the
adjusted coordinates of the first and second stations on the traverse
Measured di stances and angles (reduced to grid if a datumis defined) are
used in traversing to the end point. The closing bearing based on these
conputations is conpared to that inversed between the end point and its
connected station's least squares adjusted coordinates to obtain the
angul ar closure on the link traverse.

Cosure in easting (X) and northing (Y) is nmade by conparing the traverse
based end coordinates to the |east squares adjusted val ues. The |inear
error of closure after rotation is the conparison of the traverse based
di stance between end points conpared to the distance based on adjusted
coordinates. This distance conparison elimnates the rotation error due to
the initial bearing assunption on the first line of the traverse.

The traverse length is the sum of the distances along the traverse. Both
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preci sions use that sum of the distances in the denom nator. The before
rotation precision uses the closures in x and y in calculating the
nunerator msclosure. The after rotation precision uses the linear error
of closure after rotation in the nunerator.

Waich is the "correct" precision? The after rotation precision is nore
indicative of the quality of your neasurenents as it is not based on the
quality of the initial assunption of direction. A small error in initia
direction will create a large error in northing and easting over a |ong
di stance sinply due to how a few seconds of error would propagate over a
few ml es.

10. 11 Total evaluated traverse network
TOTAL LENGTH OF EVALUATED TRAVERSE DI STANCE = 3.534 KM

PRECI SI ON BASED ON LATI TUDE AND DEPARTURE CLOSURES = 1 / 128057.
PRECI SI ON AFTER ORI ENTATI ON CORRECTION = 1 / 197475.

The length of total evaluated traverse distance is provided along wth
overall precisions conputed from suns of linear error of closures and
traverse di stances.

10. 12 2D | east squares other output files - .cor and .geo
In addition to the .2d report, the horizontal |east squares outputs two
adj usted coordinate files. The first is the .cor which are plane
coor di nat es. A line in .cor is made up of station nane,  easting,
northing, scale factor, convergence angle. |f an assuned datumis used no
scale factor or convergence angle exists. The .cor file of adjusted
coordinates for this job is:

STATI ON X COCOR Y COOR SCALE FACTOR CONVERCGENCE

Al 494886. 316 128284. 789 . 99994846 0-32- 54.0

A2 495149. 598 128318. 648 . 99994846 0-32- 49.1

A3 495980. 147 128287. 811 . 99994846 0-32- 33.5

A4 496811. 525 128276. 865 . 99994846 0-32- 17.9

A5 497318. 565 128280. 773 . 99994846 0-32- 8.3

BML 495201. 370 128318. 744 . 99994846 0-32- 48.1

BW 496993. 644 128259. 196 . 99994846 0-32- 14.4

TRAV1 495281. 157 128298. 531 . 99994846 0-32- 46.6

TRAV2 495631. 116 128293. 637 . 99994846 0-32- 40.0

TRAV3 496404. 186 128282. 823 . 99994846 0-32- 25.5

TRAV4 497080. 913 128272. 921 . 99994846 0-32- 12.8

TRAVS 497330. 333 128286. 048 . 99994846 0-32- 8.1

The other produced adjusted coordinate file is the .geo file, which
consists of station nane, latitude, and longitude. |[If an assumed datumis
used this file wll be enpty. The .cor and .geo files contain only
stations which were in the 2-D | east squares (no 2-D sideshots). The .geo
file for this job is:

STATI ON LATI TUDE LONG TUDE

Al 30- 9- 9.98215 85-35- 28. 18986
A2 30- 9- 11.16345 85-35- 18. 36345
A3 30- 9- 10.41849 85-34- 47.31596
Ad 30- 9- 10.31770 85-34- 16. 24461
A5 30- 9- 10.59894 85-33- 57.29854
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BML
BW
TRAVL
TRAV2

TRAV4
TRAVS

30-
30-
30-
30-
30-
30-
30-

11.

18260

. 79942
. 55092
. 50015
. 38664
. 27171
. 77380

85- 35-
85- 34-
85- 35-
85- 35-
85- 34-
85- 34-
85- 33-

16.
9
13.

31
6
56.

42883
43286
44011

. 36084

46843
17655
86062
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Chapter 11. Exam nation of final coordinate production - .XYZ and . SCE

After the 2-D | east squares is conpleted, EFBP now conputes coordi nates for

all horizontal sideshots (vertical sideshots were conputed inmmediately
after conpletion of the 1-D | east squares adjustnent). If a state plane
zone and datum have been selected sideshots are also reduced to grid by
appropriate el evation and scal e factors.

The coordinate data is nerged with the attribute information in .obs to
forma final .xyz file. |If any station-offset or rod reading (SOR, SO or
R) records exist in .obs a .soe file will also be generated. |If one has
comments (O 99 records) in .obs these lines are transferred by EFBP to the
.Xyz and .soe files. In this exanple data sone comments existed in .obs and
were thus translated to the .xyz file.

The .xyz file is very colum specific for station nanes (left justified),
attribute information, coordinates (decimal point colum |ocation), and
coordi nate standard errors (decimal point colum location). The line with
all nunbers init is not part of a .xyz file, but is nerely shown to better
define colum |ocation. Since EXAMP was an 18 station job, only a part of
its .xyz is shown to highlight all of its conponents.

123456789112345678921234567893123456789412345678951234567896123456789712
XYZ

G 00 EXAMP.

GO0l A1 46- 93- GPS2 P F1 10-6"_ROUND_FDOT 0903 90MB8
G 02  494886. 316 128284. 789 9.211 . 001 . 001 . 002

G 01 A2 46- 93- EO5 P GL 11-4"X4"_FDOT_CONC 0903 90MB8
G 02  495149. 598 128318. 648 10. 132 . 001 . 001 . 014

G 01 A3 46- 93- E06 P F1 11-4"x4"FDOT_CONC 0903 90MB8
G 02  495980. 147 128287. 811 8.933 . 001 . 001 . 022

G 01 A4 46- 93- EO7H P F1 12-5/8COP. COT. ROD 0903 90MB8
G 02  496811. 525 128276. 865 9. 915 . 001 . 001 . 018

G 01 A5 46- 93- EO8H P F1 13-10_SPI KE_NAI L 0903 90MB8
G 02  497318. 565 128280. 773 8. 498 . 001 . 001 . 035

G 01 AP1 P GL 0903 90MB8
G 02  494951. 660 128332. 445 9. 822

G 01 AP10 P GL 0903 90MB8
G 02  494986. 242 128320. 241 9. 830

G 01 BC13 P Gl 0903 90MB8
G 02  494986. 122 128320. 215 9. 830

G 01 B2 ca 0903 90MB8
G 02  494901. 537 128335. 450 9. 166

G 01 BC3 ca 0903 90MB8
G 02  494904. 200 128327. 247 9.112

G 01 B4 c a 0903 90MB8
G 02  494908. 390 128323. 249 9. 097

G 01 BGCS ca 0903 90MB8
G 02  494915. 627 128321. 088 9. 084

G 01 BC6 P Gl 0903 90MB8
G 02  494931. 979 128320. 866 9. 195

G 01 MH1 P GL 59-0.61M_ 0903 90MB8
G 02  494918. 576 128322. 199 9.151

G 01 M2 P GL 59-.61_SEVER 0903 90MB8
G 02  494902. 200 128322. 399 8.991

G 01 M3 C Gl 59-.61 0903 90MB8
G 02  494971. 282 128321. 497 9.720

G 01 SIG\L P Gl 26-US98_E&W 0903 90MB8
G 02  494915.723 128322. 343 9. 168

G 01 SIG\2 P Gl 26 0903 90MB8
G 99 COOKX WH TEHEAD USED CARS . 244 SQUARE METAL PCLE

G 02  494908. 246 128327. 600 9. 456

G 01 SIG\3 P GL 26-US98 0903 90MB8
G 02  494903. 155 128340. 749 9. 297

G 01 SIGNL4 P Gl 26 0903 90MB8
G 99 SLI PPERY WHEN VET

G 02  495029. 606 128299. 221 10. 067

G 01 SIGNLS P Gl 26 0903 90MB8
G 99 DI VI DED H WAY ENDS

G 02  495107. 892 128297. 774 10. 099

G 01 SIGNL6 P GL 26-2_LANE_H WAY 0903 90MB8
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G 02  495277. 446 128295. 986 9. 324
G 01 SIGNL7 C Gl 26-SPEED LIM T_45 0903 90MB8
G 02  495150. 807 128316. 440 10. 133
G 01 TREE2 P GL 50-.244_PALM 0903 90MB8
G 02  495843. 061 128276. 975 9. 026
G 01 TREE3 P GL 50-.3048_PALM 0903 90MB8
G 02  495846. 543 128279. 170 9.174

The G 00 record is the header of the file and really only serves to ensure
the validity of the project nane and file purpose. Each coordinate record
al ways consists of a GOl and a G 02 record. |If comments are attached to
the point, these line(s) show as a G 99 record and are in between the G 01
and G 02 record for the point.

The G 01 record contains the point nane (up to eight alphanuneric
characters with no spaces), reference nane (optional in colums 15-30)
geonetry (point-P vs. curve-C, attribute (ground-G feature-F, or user
defined-U), zone nunber, feature code, short description (after a dash
which follows a feature code, state plane NGS zone nunber (4 digit
integer), datunfadjustnent year (2 digit integer), coordinate units (M F,
or 1), and vertical datum (2 digit integer). A lack of state plane zone or
dat unf adj ust nent year indicates assunmed coordinates. What fields nust
absolutely be filled is a function of the software to which this
information will be |oaded and has no affect on EFBP except for the facts
that EFBP is station nanme based and a zone and datumnl adjustnent year are
required for geodetic processing. This exanple was in 0903 - Florida North
Lanbert adjustnment year 1990 so the ellipsoid being used is from1983. The
coordinates are netric, and the elevation datumis North Anerican Verti cal
Dat um (NAVD) of 1988.

The G 02 record contains X (easting), Y (northing), Z (elevation), X
standard devi ation, Y standard deviation, and Z standard devi ati on.
The standard devi ations are the 95 % confi dence values fromthe .1d and . 2d
files. These are not determned for sideshots, and are only determned if
that conputational option is turned on in the EFBP initial options.

The G 99 record exists if any extended comments are entered about a point.
In this job one can see the nessage on road signs were entered as conmment

records. Sone sign nessages which were short were entered as short
descriptions attached to the feature with the "-" option.
If a station only has horizontal coordinates the Z area wll be blank.

Li kewi se, the X Y areas are blank if a station has el evation only.

This exanple did not contain SOR (station, offset, rod reading/leveling)
type data so an .soe (station, offset, elevation) file was not created. A
portion of a SCE file is shown to denonstrate its content. Note el evations
from differential leveling will also appear in .xyz, but no horizontal
coordinates are calculated by EFBP for station offset as it needs a
cal cul ated alignment which does not usually exist at this point.

The file denonstrates station-offset-elevation, station-offset only, or
elevation only (differential leveling). The nunbered line is sinply shown
as the file is colum specific simlar to the .xyz file.
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123456789112345678921234567893123456789412345678951234567896123456789712
G 00 KOGER SCE

G 01 B6 LEG 115- FLDNR P GL 17-ELEV. 203. 67FT

G 04 203. 670 . 002
G 01 B7 TP1 P Gl

G 04 213. 691 . 044
G 01 B21 LEOG- 76- FLDNR P GL 17-ELEV. 169. 94FT

G 04 169. 940 . 002
G 01 D1 P Gl 50 XS1
G 04 1025.00  75.50

G 01 D10 P Gl 50 XS1
G 04 1100.00 175.50

G 01 D11 P Gl 50 XS1
G 04 1110.00 201.50

G 01 D12 P Gl 50 XS1
G 04 1110. 00 -140.60

G 01 D13 P Gl 50 XS1
G 04 1120.00 -50.00

G 01 D14 P Gl 50 XS1
G 04 1150.00 51.50

G 01 D15 P GL 50 XS1
G 04 1165. 00 -321. 60

G 01 D16 P Gl 50 XS1
G 04 1170.23  23.25

G 01 D17 P Gl 23 XS1
G 04 1023.00 51.00 211. 684

G 01 D18 P Gl 24 XS1
G 04 1046.20 -61.29 212. 634

G 01 D19 P GlL 25 XS1
G 04 1046.20 -51.00 211. 584

G 01 D2 P Gl 50 XS1
G 04 1035.00 -25.00

G 01 D20 P Gl 26 XS1
G 04 1126.00 -15.00 212.084

G 01 b3 P GL 50 XS1
G 04 1040.00 -35.50

G 01 D4 P GL 50 XS1
G 04 1050. 00 202.50

G 01 D5 P Gl 50 XS1
G 04 1060. 00 -205. 50

G 01 D6 P Gl 50 XS1
G 04 1070.50 199.80

G 01 D7 P Gl 50 XS1
G 04 1080. 00 -210.00

G 01 D8 P Gl 50 XS1
G 04 1090. 00 155.50

G 01 D9 P Gl 50 XS1
G 04 1095.00 -50.50

G 01 D21 P Gl 26 XS1
G 04 1050. 00 200. 50 213. 554

G 01 D22 P Gl 26 XS1
G 04 1100. 00 -124.50 203.614

G 01 D23 P Gl 26 XS1
G 04 1150.00 199.50 215. 634

The G 00 is sinply a header record which defines the nature of the file.
For each point a G 01 and G 04 record always exists, and G 99 records w ||
be between these lines if comments exist for sonme points in the .obs file.

The G 01 record consists of station nane, reference nane (very optional),
geonetry, attribute, zone nunber, feature code, feature code description
and al i gnnment geonetry chain nanme. Wich fields are optional is a function
of the software reading this file, and not EFBP which produces it. The
feature code description is optional and requires a dash after the feature
code. No alignnment nane is required for stations with only elevations as
there is no way to horizontally position them w thout station-offset or
hori zontal coordi nates.

The G 04 record consists of station, offset, elevation, and elevation
standard devi ation. The standard deviations are the 95 % confi dence val ues
fromthe .1d file. These are not determned for sideshots, and are only
determned if that conputational option is turned on in the EFBP initial
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options.

Fields are left blank if that information was not obtained. Note B7 only
has el evation, while D4 has only station offset. Stationing and offset are
in units of feet or neters, and a negative offset indicates a |left offset
while facing the positive direction of stationing.
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Chapter 12. Wility prograns

These utility prograns are used fairly infrequently but still provide a
val uabl e service to the surveyor using EFBP

Conput er Program LOCK

This program is for quick viewwng of report and data files. It reads
TEMP. JOB and displays all of the project files. You sinply use the up-down
keys to pick which file you want to look at. The program has search and

printing routines built into it. Htting escape gets you out of the
programor out of a file. It is not quite as flexible as a text editor but
you do not have to type a file nanme in if you use it!titiirni You wi |

probably still find your text editor nore flexible for cleaning up the .obs

file especially if you view .obs and .gen sinultaneously.

Conput er Program CHK

This programoutputs to .CHK and |l ets you conpute any cl osure you want.
You can al so hold unknown station's adjusted coordinates as control to
force a closure intoit. The closure's are 3-Dif the third dinmension
has closure init.

Conput er Program LCHK

This programoutputs to .CHL and lets you conpute any vertical closure you
want. You can al so hold unknown station's adjusted coordinates as contro
to force a closure into it. It handles both trig. leveling and
differential leveling. |If the data is 3 wire or trig. leveling you get a
preci sion based on the distance traversed or levelled (assumng a stadia
constant in leveling of 100). |If you have lots of leveling not in EFB a
programcal led 3wire exists which will process 1, 2, or 3 wires for

you fromdata in a sinple text file.

Conmputer Program FI XI' T

FIXIT allows you to alter slope distances, height of instrunments, and

height of targets by scale and constant val ues. This is wuseful for
cleaning up a prismconstant error or converting entire English .obs files
fromfeet to nmetric or vice-versa. It has been used to clean up decinal

point problens that EFB in the field created. Station, offset, and |eve
rod readings can also be corrected for scale and constant errors. Not e
eccentrics are not corrected by FIXT.
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Chapter 13. Understandi ng Least Squares, Adjustnent, and Error Estimation
- A Basic Approach for Wilization

13.1 Introduction

The use of adjustnent of survey neasurenments is obviously sonething the
surveyi ng community w shes could be avoided. Unfortunately we, and the
instrunentation we use, are not perfect in our neasuring ability, and
adjustnment is the termthat has been associated with the procedures we
use in accounting for our inconsistencies.

| f an adjustnent changes a neasurenent w thin an acceptabl e random error
[imt we should not be concerned. The statistical difference

bet ween the adjusted and the nmeasured quantity in this situation is
negligible. A 4 second adjustnent of a horizontal angle neasured tw ce
with a 6 second | east count theodolite is obviously within the expected
error range of the angle. A 30 second adjustnent of that angle could
easily be termed intol erable, and a surveyor should not accept the
adjustnent. The cause of the intolerable adjustnent (data entry error,
field blunder, etc.) needs to be determned and t he neasurenent corrected.
The readjustnent based upon the correction then needs to be eval uated
for acceptability. One role of this paper is to explain why adjustnent
can be a valid procedure, and how to judge when it is not valid.

A | arge nunber of the surveying community are famliar with the conpass
rule as an effective adjustnent procedure for a | oop traverse adjustnent.
Unfortunately, this approach is limted in versatility when a traverse
network (series of interconnected traverses) is encountered. A | east
squares approach to adjustnent of survey data anal yzes any survey network
configuration in the sanme fashion. Least squares analysis is not limted
to surveying. It is an accepted procedure in mathematics, statistics,
conputer science, and a variety of engineering disciplines. |In nost other
disciplines least squares is considered a "data analysis" technique as
opposed to an adjustnent process. This paper will illustrate that it is
really an anal ysis technique in surveying, too. Adjustnment actually exists
in any redundant survey network - msclosures are sinple restricted to a
[imted nunber of closing neasurenents in an "unadjusted” situation. Wile
t hi s unadj usted approach nmay be a valid procedure in sone cases, one would
normal |y desire a nore uniform adjustnment procedure since we know this is
how random errors occur in our neasurenents. No matter what technique is
used, if redundancy exists it will be shown that adjustnent exists.

The final point to be addressed in this paper is the accepted | ack of
understanding of |east squares analysis in a large conponent of the
surveying population. This is partially due to the |lack of understandable
reading material on the subject, and that it requires a conputer for it to
be inplenented in a production environnent. The personal conputer
revolution is a recent phenonena which has allowed a surveyor access to
| east squares for survey network analysis, and efficient PC based software
is no longer a difficult coomodity to | ocate.
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One does not require an in-depth understanding of |inear al gebra, calcul us,
statistics, or conputer science to becone a know edgeabl e user of | east
squares analysis. A conputer, dedicated software, and a few hours of
hands-on instruction and use are required. This paper does not repl ace
hands-on instruction and use, but can serve as a priner for those who are
unfamliar with this approach. This paper is directed to a user, and not
to one who wi shes to understand the mathematics which is being utilized in
| east squares operations.

13.2 Is There Really Such a Thing as "Unadj usted" Data?

The answer to this question is obviously "yes", but it pertains only

to non-redundant data or the raw nmeasurenents thenselves. Once redundant
information such as a loop traverse is created there is always sone form
of adjusted information, even if an adjustnent procedure such as the
conpass rule is not applied.

A three-sided loop traverse provides a very sinple exanple of this
phenonena. Assune all interior angles have been neasured along with the
three distances, station 1 has fixed coordinates, and the direction from1
to 2 is known.

1/ \ 3

The assunption of coordinates at 1 and the fixed direction "fixes" the
network's position and orientation in a 2-D coordi nate system

Let us first consider only angles. It is known that the sum of the
interior angles of an n-sided pol ygon nust equal (n-2)*180 degrees, and due
to randomerror it is unlikely that the angles in the exanple wll sumto

t hat . If you treat two of your angles as "unadjusted", by the defined
angul ar geonetry [(n-2)*180] the third angle is automatically adjusted by
-1 * the angular closure. |If one of the angles was |eft unneasured, there

woul d be no redundancy in angles and thus no | ogical way to adjust angl es.

| f one assunmes a "raw' closure (no angle adjustnment prior to |linear closure
conputation) is desired, in an n-sided pol ygon there are always n possible
linear closures that can be conputed. |In the three sided exanple a |inear
error of closure can be conputed beginning and ending at station 1 w thout
using the angle at station 1. The sane procedure can begin at station 2
and station 3, in each case not using the angles at 2 and 3 respectively.
In each case a different linear closure will be realized because the sane
nmeasurenents are not used in all three cases. There are thus three unique
conpass rul e adjustnents possible if angles are not adjusted prior to

cl osure conputati on.
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Even if this confusing issue is ignored, a |loop traverse with a non-zero
linear closure has to have adjustnent due to the geonetric constraint

of sumof latitudes and departures each totalling zero. Sinply conputing
coordinates of 2 and 3 clockwi se fromstation 1 will ignore use of the
angles at 1 and 3 and the distance from2 to 3. This omssion actually
pl aces all adjustnent in these three neasurenents.

As stated before, one should observe if the amounts of angul ar and di stance
adjustnent are within reasonable randomerror limts. |If this is true, the
amounts of adjustnent are within the limts of one's neasuring abilities.

If the amount of adjustnent to various neasurenments s not wthin
acceptable limts the adjustnment process is indeed invalid. The source of
the unreliable neasurenents shoul d be determ ned and corrected.

This denonstrates that if redundancy exi sts adjustnent has to exist.
| f redundancy exists geonetric constraints prevents all measurenments from
remai ni ng unadj ust ed.

13.3 Wen does a Conpass Rule Approach to Traverse Adjustnent becone
Dfficult?

A conpass rule adjustnment of a loop traverse with reasonable angular and
di stance closures is a very valid procedure, and will often produce final
coordi nates which are very close to those produced by a | east squares

adj ust nent . Unfortunately a loop traverse is not a highly redundant
situation. A loop traverse is also fairly weak geonetrically, and can have
undetected |arger conpensating errors in it. The sum of the interior
angles, sum of |atitudes, and sum of departures are the only geonetric
constraints in a |loop traverse. It can also be showmn by a mathenatica
technique called error propagation that a traverse's geonetry is strongest
inthe direction it "runs". A section of traverse running north-south wll
t heref ore have weaker easting and stronger northing coordinates. Consider
the north-south traverse as a guitar string. It bends easier east-west
than it can be stretched north-south. Now |et us assune another traverse
section is surveyed in an east-west direction and it intersects the
north-south section. | f coordinates have already been conputed on the
north-south line (and possibly adjusted) the east-west section wll be
tying into coordinates weak in easting. |If you conpute coordinates on the
east-west section first the north-south section will be intersecting weak
nort hing coordi nates. Least squares provides the solution to this problem

Bef ore we di scuss why a | east squares approach resolves this problem |et
us consi der another probleminvolved in conpass rule type adjustnent of a
conplicated traverse network. This probleminvolves priority of the
lines in the adjustnent process. Let us assunme the follow ng traverse
network, with each side of the polygons representing series of angle

and di stance neasurenents.
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Which of the followng priorities of adjustnent should be used:

Case A° (1) outside |oop 4-1-2-3
(2) 2-5-4
(3) 3-5
(4) 1-5
Case B: (1) outside |oop 4-1-2-3
(2) 3-5-1
(3) 4-5
(4) 2-5
Case C (1) 3-4-5-3
(2) 4-1-2-3
(3) 2-5
(4) 1-5
Case D0 (1) 1-5-4-1
(2) 5-3-4
(3) 5-2-3
(4) 2-1

etc., etc., etc.

There is an incredibly | arge nunber of adjustment priority conbinations,
with little or no ability to judge which priority is "best". Consider
how many possibilities exist in a USPLS township where all township
(exterior) and section |lines have been traversed.

A common "rul e of thunmb" procedure in conpass rul e approaches to traverse
networks is to adjust the exterior of the network as one loop first, then
decide on a priority approach of adjusting interior traverses to "fit"
the adjusted exterior. This concept is often ternmed a rigid boundary
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appr oach. This technique is the worst possible approach that could be
used froman elenmentary error propagati on standpoint. The exterior wll
generally contain nore stations than any other loop in the network, and
t hus you woul d expect generally worse closures in it than any smaller

| oops. You would thus be adjusting the conponent with the | argest
expected error, and forcing snmaller traverse sections (less propagated
error) to fit it.

There is no statistically correct procedure that defines sequential conpass

rule adjustnments of a traverse network. As opposed to a sequential
procedure, |east squares allows sinmultaneous adjustnent of any traverse
network geonetry (including any nunber of control stations). This wll

initially seem inpossible since many surveyors are not famliar with how
| east squares works, and thus a basic discussion of concepts is now
required.

13.4 What does one need to know to feel Confortable about Using Least
Squar es Anal ysi s?

Whenever we neasure sonething nore than once and average the repetitions

a |l east squares solution is being perforned. An average mnim zes the

sum of the squares of the residuals. This is the underlying principle

of least squares. A residual is the difference between the neasurenent

and its adjusted quantity (an adjusted quantity being a sinple average

in this case). The residuals have to be squared because they tend to be
both positive and negative, and thus a sinple summation produces zero if a
sinpl e average i s bei ng conput ed.

Now t hat one realizes he or she has been using | east squares all along in
averagi ng, we now need to define howit applies to survey networks, and
where the concept of weighting (or error estimation) of survey neasurenents

beconmes inportant. Hori zontal survey networks consist of neasured
azi muths, angles, and distances in addition to control coordinates. Least
squares adjusts all neasurenent types simultaneously in addition to

adjusting all traverse |egs simltaneously. This means relating angul ar
quantities (azimuths and angles) to those of linear dinensions (distances
and coordinates). To allow this, the |east squares condition is expanded
to mnimzing the sumof the squares of the weighted residuals. A weight
is equal to one divided by the neasurenent's error estimate.

Addi ng the weight into the | east squares condition nmakes all terns in the
summation unitless. As an exanple, a distance, its error estimate, and its
residual, all have units in feet. (1 /error estimate) * residual is equal
to (1 / feet) * feet in unit terns so the determned quantity becones
unitless. The unitless quantity can be directly conpared to unitless
gquantities derived fromangles and azi nut hs.

Notice that the | east squares condition has no dependency on nunber of
traverse | egs, nunber of traverse connections, nunber of measured azi nuths,
nunber of control points, etc. At thistine it is also illustrated that
the | east squares principle can be applied to any neasurenent systemin any

77



science (not just surveying). It can also be applied to differenti al
l eveling, 3-D traversing, GPS vectors, or any conbination of survey
neasur erment s.

One estimates errors in various neasurenents using know edge and
experience. Wile repetition of a neasurenent such as an angle gives a
clue toits reliability, the error estimate derived fromrepeated neasure-
ments does not usually take into account instrument and target setup
errors, sone atnospheric errors, etc. In other words, the standard error
conmputed froma series of repetitions often tends to be snaller than

what a surveyor should estimate since it does not account for several
possi bl e error sources. An obvious exanple is repeated EDM neasurenents
fromthe same instrument / target setup. Oten these values wll not
differ by nore than 0.01 ft. but the conbined error in instrunent and
reflector setups over their respective points can easily be |larger than

t hi s nunber.

Angl e and azinuth error estimates are a function of |east count of an
i nstrunent, nunber of repetitions, and stability of instrunent setup
anong ot her factors.

An interesting option of |east squares is that control coordi nates can be
assigned error estimates and allowed to adjust. |If control coordi nates
are not to adjust, they should be given a very small error estinmate

(such as 0.001 ft.). The control coordinate can therefore be treated

as a neasurenent in the | east squares sol ution.

Least squares has procedures which allow one to verify if one's error
estimates are reasonable. The first sinple check is a look at all of the
measur enent residuals (anount of adjustnent applied to each neasurenent)
and see if any are nuch larger in magnitude (absol ute value) than

the error estimate. |If all but a few are acceptabl e, the unacceptable

ones are obviously possible blunders. If a majority are much smaller than
your error estimates you have been pessim stic about the quality of your
work, or there is very little redundancy in your work.

To scan thousands of residuals would be extrenely tedious so two "gl obal "
error conputations can be nmade. The first is known as a root-nean-square
(RVB) error. For a particular neasurenent type, RVS error is the square
root of the sum of the squared residuals, divided by the nunber of that
type of neasurenent. It could be thought of as an average residual for
that particular type of measurenent. The RVMS error should be near in
magni tude to your average error estimate for a particular type of
nmeasur enment .

A value which is an indicator of your error estimating abilities for all
types of neasurenents (the entire survey network) is the standard error of
unit weight. To conpute this quantity the sum of the squares of the
weighted residuals is divided by the nunber of redundant neasurenents
(ternmed nunber of degrees of freedon), and the square root of that conputed
gquantity is taken. Since a residual and its respective error estinmate
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shoul d be near equal in magnitude, a weighted residual tends to be near one

in anmount. O course, random error says sone will be larger than one and
sone smaller than one. |If this is true the standard error of unit weight
will tend to be near one. A value larger than 2.5 indicates error
estimates were optimstic or blunders exist. A value less than 0.7
indicates pessimstic error estimates or sinply a lack of redundancy
(therefore no adjustnment of neasurenents is possible). A test can be

applied to the standard error of unit weight to statistically validate the
quality of your error estimates. A "rule-of-thunb" approach of 0.7 to 2.5
works well, too. A failure of this test indicates an invalid adjustnent
due to poor error estimates or blunders. |If no blunders can be found, it
is generally appropriate to change sonme or all of your error estinates.

Noti ce you can use your error estimates to "classify" different qualities
of surveys within a network, and adjust all of the network simultaneously.
Least squares still preserves the geonetric constraints of sumof interior
angl es being (n-2)*180 degrees and sumof |atitudes and departures of a

| oop being zero. Adjusted angles will close perfectly between adjusted
azi muth neasurenents. |If the data is azinmuths (or bearings) and di stances
with no angles the sumof the interior angles constraint di sappears but
the latitude and departure constraints remain. This is no different

than informati on derived froma conpass rul e approach. A conpass rule

adj ustnent actually produces residuals for all measurenents, but they

are generally not termed residuals. The sinultaneous analysis of all data
on all traverse legs, with the ability to weight nmeasurenents using

your error estimates, is the key difference.

The si mul t aneous approach allows the systematic distortions which result
froma sequential conpass rule approach to be elimnated. You truly obtain
the "best" coordi nates based on a series of neasurenents and your error
esti mat es.

13.5 Additional Information about Least Squares Adjustnent of Horizontal
Survey Data

A brief discussion of itens involved in |least squares analysis of
horizontal survey data will help users with questions like "Wy do | do
this?" and "Wat do these nunbers represent?". This will be presented in a
guestion and answer fornat.

(1) Wiy does adjustnent of |arge networks take so long to run?

Least squares anal ysis of survey networks requires solution of a system of
equations equal in size to the nunber of unknowns. Unknowns in horizontal
survey networks are the 2-D coordinates of the stations. A 1000 station

net wor k has 2000 unknown coordi nates (1000 N, 1000 E). This means a system
of 2000 equations, 2000 unknowns (called the normal equations) needs to

be solved. Even on a fast conputer this is not a trivial process. As the
size of the network increases the tinme required for the solution increases
exponentially (i.e., a 1000 station network takes nore than twice the tine
to solve as a 500 station network).
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(2) Wiy does | east squares of horizontal networks require an iterative
sol ution?

The equations used in horizontal data are "non-linear" equations. The
i nverse distance and azi nuth equations are exanpl es of non-Ilinear equations
because they include itenms such as square roots, squared terns, and
trigononetric functions in them A leveling network produces |inear
equations of the form

Elev. B- Elev. A = neas. elev. difference + residual

There are no powers or trigononetric functions in this equation. To solve

non-|linear equations the equations are so-called "linearized". I n doi ng
this one creates a solution which solves for updates to approxi mations for

all unknowns. The updates are added to the approximations, and the
solution for the updates occur again (the second iteration). When the
updates becone "negligibly small" (all Iless than 0.005 ft. for nost

surveying applications) the solution has converged on the |east squares
solution for all coordinates.

Several questions ari se:

(a) How are approximations for all coordi nates generated, and how cl ose
to their final adjusted values do they have to be?

Conventional traverse conputations is the nost effective approach to
approxi mate coordi nate generation. This has been inplenented for any
traverse network configuration in conputer program EFB of the El ectronic
Fi el d Book Processing (EFBP) software package devel oped by the author.
EFB perforns a conpass rule adjustnent for all traverse routes, outputs
closure reports and residuals for all neasurements fromthe conpass rule.
These serve as excell ent approxi mations unl ess blunders exist, and are
generated automatically fromany unordered data set.

(b) How many iterations are usually required?

If no blunders exist the solution will usually termnate in 2 iterations.
The first iteration will illustrate the difference between the conpass rule
and | east squares solution, and the second iteration will produce al
negl i gi bl e updat es.

I f blunders exist a solution will often run nore than 2 iterations. There
is generally little need to run nore than 4 iterations for a data set.

(c) Wat is a divergent solution?
| f approximations are very poor, or substantial blunders exist, it is
possible that iteration updates will grow (diverge) instead of decrease

(converge). It is inportant that one | ooks at pre-adjustment closures
and conpass rule residuals (produced by EFB) for obvious blunders,
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whi ch can be corrected, prior to running the | east squares adjustnent.

(3) What are the nmeanings of standard errors of coordinates and error
el lipses?

These quantities give the surveyor a feel for the positional reliability
of his or her produced coordinates. They are a function of the proximty
of the coordinates to control stations in the network (further from control
you are |l ess confident of the positional reliability of your coordi nates).
These error analysis results are very conputationally intensive to obtain,
and thus should only be generated for |large networks if truly necessary.

A short discussion of statistical properties of standard errors is required
to understand this conponent of |east squares results. Least squares
anal ysis assunmes neasurenents are drawn from a nornmal distribution. A
normal distribution results in the famliar bell-shaped curve of
statistics. Values of data is represented on the x axis and frequency of
occurrences on the y axis. The center of the bell shaped curve is the
average. Statistics can show that approximately 66.7% of your data falls
within the region between the average mnus the standard error and the
average plus the standard error.

This applies directly to standard errors of survey coordinates. [If you
performed the same survey over, using the sanme techni ques under the sane
condi tions, you would be 66. 7% confident that the new coordinate will fal
within "plus or mnus" the standard error of the first produced coordi nate.
The error ellipse produces SU - maximumerror, SV - mninumerror, and

T - angle fromnorth to the direction of the maximumerror direction. One
will normally find maximum error approximately 90 degrees from the
direction of the traverse at that point. Error ellipses provide an
effective visual tool for inspecting positional accuracies of |east squares
adjusted station positions. Al standard errors and error ellipse
paraneters in the latest version of EFBP are 95 % percent confidence
val ues. The nultiplier is a function of the redundancy (degrees of
freedom) of your survey.

(4) What is the neaning of the "Band is xx stations" which appears just
prior to the adjustnent process itself?

The equations which are being solved tend to be "sparse". Spar se means
there are lots of zero coefficients. |f one can figure out where the zeros
are, the station order can be switched until the zeros are ordered in sone
systematic fashion. One approach to re-ordering equations or stations is
bandwi dth optim zation. It is used by many adjustnment prograns. The band
is the "width" of the equations wth the zero terns ordered outside of the
non-zero band. A 1000 station network with a band of 20 stations wll

sol ve nuch faster than one with a band of 100 stations. The band is a
function of redundancy and the nunber of traverse | eg connecti ons.

The total nunber of terns in a banded solution is a function of band size
and the nunber of stations. Wthout algorithnms which take advantage of
sparsity we would be waiting a lot |onger for solutions to occur.
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13. 6 Concl usi ons

Least squares adjustnent is a statistically valid approach which can sol ve
any survey network configuration sinultaneously. Wth efficient software,
a user can becone proficient at using least squares in a short tine.
Hands-on experience with real data sets is the best learning tool that
exi sts. One should not abuse the use of |east squares adjustnment. A user
shoul d al ways exam ne that anounts of adjustnent to neasurenents are wthin
acceptable limts.

Least squares adjustnent does not elimnate the need for preservation of

our neasurenent information. It does validate whether or not our
nmeasurenents appear reliable. EFBP is an integrated data processing wth
| east squares analysis. Hopefully this information will allow hands-on

experience to be a nore fruitful |earning procedure.
13.7 Statistical Analyses in analyzing data using EFBP

EFBP i ncludes a variety of statistical analyses which may initially
be foreign to many | and surveyors, but wll becone val uable tools
with very mninal training.

Specific itens which need to be considered in this discussion are:

(1) error estimation,

(2) standard error of unit weight/ chi-squared test,

(3) coordinate standard errors and error ellipses,

(4) validity of use of state plane coordinates in the adjustnent
Ss

13. 8 Basic Concepts of Error Estimation in Least Squares Anal ysis

Wiile the majority of these concepts can be obtained in the understanding
| east squares anal ysis paper it doesn't hurt to say it again.

Wiile many initial users are perplexed at the concept of error estimation
it is really sonething one does in any anal ysis of survey data. ne
exanple of this is when one | ooks at a traverse closure and deens it
acceptable or not. You are using your "apriori" know edge of what
errors exist in your measurenments. Prior to |east squares we actually
prioritized our sections of traverse in sone well-thought out order.
The first traverse is totally superior to subsequent ones in this
scenario, and the subsequent ones cannot affect the first traverse's
coordinates. This is error estimation in an absolute sense - data

set Ais so superior to data set B that B cannot affect A. This has
been used in control coordinate superiority to our neasurenents.

When estimating di stance, angle, and azinmuth error the key itemto

remenber is "ESTIMATION'. You are not required to absolutely define error
in the way error propagation is defined in a textbook. Instead you
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are nerely giving a | ogical value based on your know edge of the type
of the survey, instrunentation used, the terrain, etc.

The | east squares analysis will indicate to you if your error estimates
do not seemto fit the quality of the data. The standard error of unit
wei ght and residuals will all help in this analysis.

If these indicators tell you sonmething is fitting nuch better or worse
than predicted, and you are confident the data has been input correctly,
it is then you nust decide whether to refine your error estinates.

The true indicator of the quality of your adjustnent are your residuals,
which sinply tell you how much adjustnent had to be applied to the
i nput control coordinate, distance, angle, or azinuth.

Note that the residual is associated with the error estimte -
you expect a distance with a 0.05 ft. error estinmate to adjust nore than
one with a 0.01 ft. error estinate.

Residuals larger than three tinmes their respective error estinmate are
general ly considered as suspect. Statistics says a residual |arger

than three tines its error estimate is suspect at a 95 %confidence limt.
This neans you are 95% confident it is a blunder.

Al'l residuals should not necessarily be less than its error estinate.
Statistics says only 66 % of themshould be in a normal distribution.
A significant nunber of residuals greater than its error estimate is
an indication of slightly optimstic error estinates.

13.9 Standard error of Unit Wight / Chi-Squared Test

The standard error of unit weight is a unitless quantity (like

residual / error estimate)that is an overall indicator of the quality

of your error estimates. In EFBP it was generically said that if that
nunber is between 0.7 and 2.5 you are doing a good job of error
estimation. |If you were perfect at error estimation the nunber woul d

al ways be near one. The standard error of unit weight for perfect data
woul d be zero but wth crumy data it is open-ended on the | arge nunerical
side. This nmeans the standard error of unit weight is not froma nornal
(bel | -shaped) statistical distribution because it is not open-ended on
the smal | end.

The standard error of unit weight can be statistically eval uated using

a chi-squared test. This test is based on degrees of freedom (the nunber
of measurenents m nus the nunber of unknown coordi nates). The concept is
that the nore data you have the less variability there will be in your
overall statistical indicators (outliers have |less of an effect) and thus
as your degrees of freedom goes up the tightness of your chi-squared

test goes down. The chi-squared test thus is a | ow and hi gh nunber range
for the standard error of unit weight, and its range quits changi ng

when the degrees of freedom exceeds 30. Wen your data exceeds 30 degrees
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of freedom your limts at a 95% confidence Iimt wll always be 0.748 to
1.208 . This is also called the 5 % significance |evel. Meeting this
range says your error estimtes nmake sense at a 95% confidence level. |If
we were testing at the 99 % confidence | evel the range becones | arger since
you want to be sure you are not nessing with error estimates that are al
right. This may seem backwards (higher confidence - bigger spread) but it
has to do with the fact that in statistics you try to keep all data as

is unless you have a real good reason to change it.

If you fail the test by alittle it does not nmean you shoul d continue

to edit error estimates as it will insignificantly change your final
coordinates. This is why in EFBP the stated "limt" of the range was set
arbitrarily higher in the docunentation. You, as a surveyor, should
evaluate if your residuals are too |arge, and act accordingly.

Wiy is it hard to pass the chi squared test? Are you 95% confi dent
about anything that is related to neasurenents? Sonetines a question
is the best answer.

13. 10 Coordi nate standard errors and error ellipses in EFBP

In all reality this is at best an uncertainty nunber because it gets bigger
as things becone nore narginal .

The only real statistical way to define uncertainty about a position
statistically is an error ellipse. An error ellipse is defined by two axis
di nensions and the direction fromnorth of the major axis.

In statistics error estimates of derived quantities such as coordi nates are
produced fromt distributions which are a function of degrees of

freedom and the desired confidence level. A |low nunber of degrees of
freedomresults in a large multiplier to reach 95 % confi dence as

opposed to a | arge nunber of degrees of freedom This nakes sense

since you cannot feel confortable with your data until you have sone
redundancy. Like the chi-squared test, the t distribution multiplier

quits changing after reaching 30 degrees of freedom where

the multiplier of one signa errors will be 2.51 .

The neaning of the produced coordinate error estinates is easy to explain
using a cadastral survey scenario. You performa dependent resurvey using

all very permanent points, i.e., your traverse points aren't going to
nmove. You run an adjustnent of your data and produce coordi nates and
error estimates. |If you went out and did the survey over under the sane

conditions, using the same instrumentation, the sane techni ques, and the
sane control, you would be 95 % confident that you could reconpute al
coordinates within the one you initially determned plus or mnus its
error estinate.

In a field survey sense you can thus think of it as how confi dent
you woul d be at reproducibility of the coordi nates.
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Chapter 14. GCeodesy and state plane coordinates and its relation to EFBP
14.1 Description of terns

CGeodesy as it relates to EFBP is best explained by a series of
el ongat ed descriptions of sone terns.

NAD 27 - North American Datum of 1927 - a datum based on the d arke
Ellipsoid of 1866, and fixed position and orientation at Meade's Ranch
in Kansas. Based upon this information |atitudes and | ongitudes

were calculated for all National CGeodetic Survey control points based
primarily on triangulation. The calculation involved a | east squares
adj ust nent by hand cal cul ati ons!

NAD 83 - North American Datum of 1983 - a datum based on the GRS 80
Ellipsoid, and fixed position and orientation at the center of the
earth. The neasurenents used in NAD 27, and additional neasurenents
made by the National CGeodetic Survey subsequent to 1927, were

subjected to a |l east squares adjustnment - this tine using a conputer
This results in a different latitude and | ongitude for a station when
conpared to its NAD 27 values, with the difference often anounting to
hundreds of feet.

State Plane Coordinates - projections which uniquely relates a
geodetic position (latitude, longitude) to a plane coordinate pair
(NE). The relation is truly a one-to-one correspondence; for a
uni que state plane coordinate pair there is only one |atitude,

| ongi tude pair, and vice-versa. The two types of projections that
exi st are Lanbert Conformal - a conic projection for states el ongated
east-west, and Transverse Mercator - a cylindrical projection for
states elongated north-south. The size of a zone was |imted by
defining a grid distance will not differ fromits sea | eve
counterpart by 1/10000 of the distance. Thus larger states are
covered by nore than one zone.

NAD 27 state plane coordi nates - These are based on zone constants
whi ch include fal se northings and eastings so that negative
coordinates do not result. The published units are U. S. Survey Feet.

NAD 83 state plane coordi nates - These are based on different zone
constants than NAD 27. The nost notable change is that different

val ues were assigned for false northings and eastings, and the

coordi nates published by NGS are in neters instead of U S. Survey
Feet. Even when converted to feet, NAD 83 coordi nates | ook
dramatically different than the NAD 27 coordinates for the sanme point
because the fal se northings and eastings are different.

Ceodetic distance - a horizontal distance between two points nmeasured
on the earth at the average el evati on of the endpoints
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Gid distance - a geodetic distance which has had scal e and el evati on
factors applied to it to reduce it to the state pl ane zone.

Scale factor - Since a state plane zone intersects the earth geodetic
di stances nust be projected to the zone. |If the distance is inside
where the zone intersects the earth the scale factor is | ess than one
since the projection is inward. |If the distance is outside where the
zone intersects the earth the scale factor is greater than one since
the projection is outward. The scale factor for a distance is the
average of the scale factors at the two end points. The value of the
scale factor is a function of location in the zone, which has a
one-to-one relationship with geodetic position.

El evation factor - Both the ellipsoids that represent NAD 27 and NAD

83 are near sea level, and thus any neasured di stance nust be reduced

to a sea level equivalent by the elevation factor. The elevation

factor is based on the average of the elevations at the two end
poi nt s of a line.

radi us of the earth
(20, 906, 000

Elev. Factor = R/ (Rth) where R

ft)
h

elevation in feet

For netric reductions convert the radius to neters and use el evati on
in meters.

Rel ati on of Geodetic and Gid D stance
Gid Dstance = Geodetic D stance * Scal e Factor * El evati on Factor
Ceodetic Distance = Gid D stance / (Scale Factor * El evation Factor)

CGeodetic forward azimuth - the direction of aline relative to
geodetic north

Ceodetic back azimuth - the direction of the line relative to geodetic
north in the opposite direction of the forward azi muth

Note: The forward and back geodetic azinmuths do not differ by 180
degrees since north (nmeridian) lines are not parallel - they converge
towards the north pole

Ceodetic nean bearing (azinmuth) - the average of the forward and the
back azimuth. It is a line of constant bearing (a curved line on the
earth). It is equivalent to the path you would follow if wal king

al ong a conpass bearing. Section and township lines are defined in

t he Manual of Instructions to be nean bearing |ines.

Gid north - the direction of aline relative to state plane grid
north. It will not equal geodetic north since in the state pl ane
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grid all north directions are parallel and in a geodetic system
north |lines converge to the poles

Convergence angle - the angle between grid and geodetic north
at a point. It is a function of location in the zone.

Second termcorrection - |If converting a geodetic azinmuth for a line
to agrid azinmuth (or vice-versa), a small correction nust be applied
to convergence angl e which accounts for the fact that a geodetic
azimuth exists on a curved surface (the earth) and a grid azimuth is
on a flat surface (the projection). It is a function of the length
of the line and its location in the zone, and is generally |less than
an arc second. This correction nust also be applied to horizontal
angles to reduce themto their grid equivalents. The second term
correction nust also be applied to horizontal angles to obtain the
grid equival ent value, though the correction is often less than 0.1
seconds, so it is insignificant.

Relation of Gid and Geodetic Azimuth

Gid Azimuth = Geodetic Azimuth - Conv. Angle + second termcorrection

CGeodetic Azimuth = Gid Azimuth + Conv. Angle - second termcorrection
14.2 Validity of use of state plane coordinates in the adjustnent process

This issue has nmainly been a constant source of criticismfromecertain
peopl e who do not understand how things can be perfornmed geodetically

sound in state plane coordinates if one applies correct scale, elevation,
and convergence factors. This is quite an irony since when one works

in assunmed coordi nates we are actually assumng a flat earth and that
nmeri di ans do not converge toward the poles. State plane has often

not been used because inversing coordinates in a plane node gives

grid (not ground) values. Mre COX0 systens now all ow you to obtain ground
di stances, ground acreages at an average elevation, and geodetic bearings
fromgrid coordi nates.

To test the validity of using state coordinates the author has been
responsible for a variety of tests of "perfect" townshi ps which are
of course fictitious in nature. The data was generated using an
external software system

The data was tested at project datuns, nultiple elevations, and in the

m ddl e and slightly outside the limts of both Lanbert and Mercator state
pl ane zones. The |east squares, which is operating in state plane, should
show i naccuracies in the formof residuals if state plane coordi nates
could not be used. No problens were detected (all residuals were |ess
than .001 ft. and .1 second) though it should still be determ ned how

far outside a zone one has to go before problens occur.
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Chapter 15. Electronic Field Book Processi ng Messages - How to troubl eshoot
probl ens in your data set

15.1 Cetting started
Before starting make sure the following files are in the directory that
contai ns your data:

Required files:
DEFAULT. SD
DEFAULT. CON

The DEFAULT files are used for error estimate definition in the |east
squares processing and other various itens. If the DEFAULT files do not
exi st reasonable error estimates will be automatically defi ned.

I n any case when you run EFBP you will see a nenu run allows you to change
the project or the variety of itens in the DEFAULT files.

15. 2 Understandi ng error nessages
Under st andi ng error nessages

The key to success in processing data through EFBP is correctly
interpreting the nessages which cone from processing. It is inmportant to
note that errors in the actual readings from the total station are
unconmon.

The bl unders that occur are due to human input or msinterpretation.
They i ncl ude:

) station msnamng - shooting A23 but calling it A22

) mssing setup - EFB does not know when you have noved the instrunent.
You tell it by storing a setup record.

) accidently turning the | ower notion

) accidently zeroing the horizontal circle

) accidently toggling the position nunber

) forgetting to toggle the position nunber

) incorrect height of instrunent

) incorrect height of target

) incorrect control station reference nane

(10) incorrect control coordinates

NSNS AN AN S
Ooo~NO U1~ W N

The error nessage may be in the formof a large repetition error or an
ignored set of data. This information will help you debug your bl unders.
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COVWPUTED STANDARD ERRORS W LL BE USED

Processing has two options for generating error estimates for the | east
squares analysis. |If one selects to use conputed error estinmates the
standard error of the mean is used plus a user selected "add-on" which
accounts for the fact that repetition error does not nodel randomerrors
such as error in setup. |If a station is not shot nultiple tinmes the
error estinmates defined by the user (not add ons) are used. |If a user

chooses not to use error

estimates conputed fromrepetition the error

estimates defined by the user are used for al

measur enents.

15.4 EFBP Control Input Messages

CONTRCL | NFORVATI ON FOUND W THOUT STATI ON NAME

Coordi nates exist in the control database with a bl ank stati on nane.

COORDI NATE | NFO. NOT' FOUND AFTER CONTRCL STATI ON NAMVE

A station nanme exists in the control database w thout any coordi nates.

STATI ON A23 | N CONTROL FI LE TW CE

Thi s shoul d never happen.

15.5 EFBP Abstracting Messages

When required the data in an .obs file will be shown to help illustrate
the problemand the solution. The .obs file is the ASC | version of
arawdata file (.RAW. The EFB data coll ection and processing nmanual s
shoul d be used to understand the format of a .0BS file. Abstracting
nmeans the nmeani ng of neasurenents whi ch have been repeat ed.

FOLLOWN NG OBSERVATI ONS DETECTED W O SETUP - DELETED

Measurenents existed which are not attached to a setup record. This

shoul d only be possible at the start of a neasurenent file.

PROCESSI NG SETUP # 1 AT STATI ON SP1
REPETI TI ON STANDARD ERRCRS

SI GHTED HOR! ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SO SD  MAX SO sD MAX HORZ. ELEV.
(MEAN)  SPREAD SPREAD DI ST. DI FF

BML 006  .003  .005 .006  .003 . 008

FOl 1 001  .001 .00l .089 . 063 - 063

NP1 005  .002  .007 021 010 1022 007 -.047

TOML .005  .003  .008 .009 . 005 1010

REPETI TI ON STANDARD ERRORS FCOR ANGLES

FS STATI ON SD

BS STATI ON SD (MEAN) MAX SPREAD
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BML FQ 1 35. 25. 25.
BML NP1 19. 9. 25.
BML TOML 16. 8. 20.

This indicates your pointing error if no station nam ng problens exist.

I f some of these are large it probably indicates a station nam ng problem
a position nunber problem or a mssing setup. The maxi mum spread is the
| argest deviation of a single shot fromthe nean. The "conpare horz. dist.

and elev. diff." is showm if that |line has been shot previously from a
different setup record. It may be at the sane setup or a setup at the
sighted station. If all repetition errors are snall but the "conpare

horizontal distance" is large you should ook for a station nam ng problem
at this setup or a previous setup which neasured that line. A good conpare
horz. dist. but a poor elev. diff. indicates a height of instrunment (H) or
hei ght of target (HT) at this setup or a previous setup on which the line
was measur ed. If all angle errors are large it is a backsight station
probl em (station namng or position #). If only one station has a |arge
angl e error problem concentrate on the same problens only on the shots to
that station. Al distance and elevation error values are in the sane
units used in the data. Al angle repetition error information is in
seconds.

These repetition results were derived fromthe foll ow ng data:

S 00 SP1 P GL

S 01 16:21:59 11/23/88 3.680

O 00 BML 55- 84- A09 P Gl

O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184. 640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184. 640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
000 FA1 55-72- Al6 P Gl

O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:38:03 5. 850 1 D179 59 44.0 89 6 4 3692. 450 S
O 00 NP1 55- 84-19A P Gl

O 01 16:35:39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:25:39 5. 140 1 R179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 2 R273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P GL

O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505.650 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505.650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43: 37 5. 360 2 R 311 58 16.0 266 23 2 505.650 S

The .obs file is very easy to read. The first two lines represent a

setup at SP1 with a H1. of 3.680 . Four neasurenents were nade to BML

in H/D node. This node is indicated by the 01 record in colums 3-4.

Some other exanples of node are 02 represents HD (horizontal circle,
hori zontal distance), 04 represents H (horizontal circle only, and 09
represents level rod reading(s). The first nmeasurenent to BML was nade in
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position #1 reverse with horizontal circle, zenith circle, and slope
di stance of 354 45 13.0, 269 59 39, and 184.640 respectively. The third
and fourth neasurenents to BML were nmade in position #2.

The collimation errors were assuned to be zero for this exanple. Since EFB

processing all ows each shot to be corrected for systematic error derived
from horizontal and verti cal col l'i mati on, each shot is treated
i ndi vi dual |y. 1 direct and 1 reverse has been conventionally averaged
then repetition error conputed since collimation error has not been
nmeasured - in contrast to this 4 direct and 4 reverse shots are treated as
8 neasurenents in conputing standard errors in EFB processing since
collimation errors can be corrected using calibration.

The conpare horizontal distance and el evation difference was derived froma
setup at NP1 fromwhich the follow ng shots were nade to SP1

S 00 NP1 55-84-19A P Gl

S 01 14:18:00 11/23/88 5.400

O 00 SP1 P GL

O 01 14:26:55 3. 430 1 D359 50 52.0 89 31 30 511.230 S
O 01 14:36:18 3. 430 1 R179 50 36.0 270 28 55 511.230 S
O 01 14:51:38 3. 430 4 D 162 41 51.0 89 31 18 511.230 S
O 01 14:57:58 3. 430 4 R 342 41 42.0 270 28 57 511.230 S
O 01 15:01:30 3. 430 5 R 250 45 28.0 270 28 49 511.230 S
O 01 15:08: 29 3. 430 5 D 70 45 34.0 89 31 21 511.230 S

Now consider in the exanple setup at SP1 that TOML and NP1 were m snaned
for each other as shown:

S 00
S 01
O 00
Ooo01
Ooo01
Ooo01
Ooo01
O 00
Ooo01
Ooo01
O 00
Ooo01
Ooo01
Ooo01
Ooo01
O 00
Ooo01
Ooo01
Ooo01
O 01

SP1

16: 21:

BML

16: 32:
16: 33:
16: 42:
16: 41:

FQ 1

16: 24:
16: 38:

TOML

16: 35:
16: 25:
16: 44:
16: 40:

NP1

16: 34:
16: 28:
16: 40:
16: 43:

52
53
43
28

15
03

37

59 11/23/88 3.680

55- 84- A09
5. 000

5. 000

5. 000

5. 000
55-72- Al6
5. 850
850

140

140
5. 140

55- 84- 19A

5. 360
5. 360
5. 360
5. 360

5.
5. 140
5.
5.

P
P

o

o

T
NP RQNNRERQRRANNRRG R

354

N =
M 00~
0 00 A~

OXx0O OUOxXxXVO O©UXU OTOXXOX
N
= W
o o

131

The repetition errors would be reported as:

OO0 OO0O0O0 OO O0O0O0o

269
90
269
90

270
89

90
269
269

90

93
266
93

R 311 58 16.0 266 23 2

184.
184.
184.
184.

3692.
3692.

511.
511.
511.
511.

505.
505.

505

505. 650

640
640
630
630

450
450

230
220
230
230

650
650
640
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PROCESSI NG SETUP # 1 AT STATI ON SP1
REPETI TI ON STANDARD ERRCRS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE
STATI ON SD SD MAX SD SD MAX HORZ. ELEV.

(MEAN)  SPREAD ( SPREAD DI ST. DI FF.
BML . 006 . 003 . 005 . 006 . 003 . 008
FC 1 . 001 . 001 . 001 . 089 . 063 . 063
TCM]. . 005 . 002 . 007 .021 .010 . 022

. 005 . 003 . 008 . 009 . 005 .010 * 6.572* *-27.336*

'REPETI TI ON STANDARD ERRORS FOR ANGLES
BS STATI ON FS STATI ON SD  SD (MEAN) NAX SPREAD
BML FO 1 35. 25, 25,
BML TOML 19. 9. 25,
BML NP1 16. 8. 20.

Notice the repetition errors are fine as the station msnamng was very
consistent. The conpare horizontal distance and elev. diff. caught the
probl em Beware, when conparing two horizontal distances of the sane |ine,
that the second neasurenent, not the first, nmay be the correct one!

Asterisks (*) appear around nax.
user defined val ues.

spreads or conpares when they are above

The next exanple is where station nanmes of NP1 and TOML were only reversed
on the first position in reverse:

S 00 SP1 P GL

S 01 16:21:59 11/23/88 3.680

O 00 BML 55- 84- A09 P GL

O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184. 640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184. 640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
000 FA1 55-72- Al6 P GL

O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:38:03 5. 850 1 D179 59 44.0 89 6 4 3692. 450 S
O 00 NP1 55- 84-19A P GL

O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505.650 S
O 01 16:25:39 5. 140 1 R179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 2 R 273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P Gl

O 01 16:35:39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505.650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43: 37 5. 360 2 R 311 58 16.0 266 23 2 505.650 S

PROCESSI NG SETUP # 1 AT STATI ON SP1
REPETI TI ON STANDARD ERRCRS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON Sb SD MAX SD SD MAX HORZ. ELEV.
SPREAD ( SPREAD DI ST. Dl FF.

BML . 006 . 003 . 005 . 006 . 003 . 008

FCl 1 . 001 .001 .001 . 089 . 063 . 063

NP1 3.281 1.640 * 4.921* 13.652 6.826 * 20.478* * 1.649* *

- 6. 865*
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3.284 1.642 * 4.926* 13.632 6.816 * 20.448*

REPI:_I'I TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) NMAX SPREAD
BML FA 1 35. 25. 25.
BML NP1 69271. 34635. FRA A A AN
BML TOML 69301. 34650. FRA A A AN

Note how the error appears consistent between the two stations. The ***'s
under max spread for angles is not for good work, the val ue does not fit
in the reserved five places to the right of the decimal! It is very
inportant to renenber simlar "poor" repetition errors to two stations
often indicates station m snam ng between the two.

A four mnute pointing blunder is now placed in position #2 reverse of
BML:

S 00 SP1 P G
S 01 16:21:59 11/23/88 3.680
O 00 BML 55- 84- A09 P Gl
O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184.640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184.640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 28 17.0 90 0 27 184. 630 S
000 FA1 55-72- A16 P G
O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:38:03 5. 850 1 D179 59 44.0 89 6 4 3692. 450 S
O 00 NP1 55- 84- 19A P G
O 01 16:35: 39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:25: 39 5. 140 1 R 179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 2 R 273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P G
O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505. 650 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505. 650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43: 37 5. 360 2 R 311 58 16.0 266 23 2 505. 650 S
This results in repetition errors of:
PROCESSI NG SETUP # 1 AT STATI ON SP1
REPETI TI ON STANDARD ERRCRS
SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE
STATI ON SD SD MAX SD SD MAX HORZ. ELEV.
(MEAN)  SPREAD (MEAN)  SPREAD DI ST. Dl FF.
BML . 006 . 003 . 005 . 006 . 003 . 008
FC 1 . 001 . 001 . 001 . 089 . 063 . 063
I\Pl . 005 . 002 . 007 .021 .010 . 022 . 007 -. 047
. 005 . 003 . 008 . 009 . 005 .010
REPI:—FI TI ON STANDARD ERRORS FOR ANGLES
BS STATI ON FS STATI ON SD SD (MEAN) MAX SPREAD
BML FA 1 35. 25. 25.
BML NP1 107. 53. * 159.*
BML TOML 1009. 54. * 162 *
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Note the four mnutes gets slightly nmasked by averagi ng.
FC1 were unaffected since it was not shot on position #2 reverse.

The shots to
The

repetition errors are consistent to both NP1 and TOVL i ndi cating an

error in the backsight station.

Now | ets place the four mnute blunder in TOML's position #2 reverse:
S 00 SP1 P G
S 01 16:21:59 11/23/88 3.680
O 00 BML 55- 84- A09 P Gl
O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184.640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184.640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
000 FA1 55-72- A16 P G
O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:38:03 5. 850 1 D179 59 44.0 89 4 3692. 450 S
O 00 NP1 55- 84- 19A P G
O 01 16:35: 39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:25: 39 5. 140 1 R 179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 2 R 273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P G
O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505. 650 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505. 650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43: 37 5. 360 2 R 311 54 16.0 266 23 2 505. 650 S
This results in a repetition report of:

PROCESSI NG SETUP # 1 AT STATI ON SP1

REPETI TI ON STANDARD ERRCRS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD SD SD MAX HORZ. ELEV.

SPREAD DI ST. Dl FF.

BML
FCl 1
NP1

. 006
.001
. 005

. 006
. 089
. 021

. 003
. 063
. 010

. 008
. 063
. 022

.001
.007

.001

. 002 . 007

-.047

TOML . 005 . 003 . 008 . 009 . 005 . 010

REPETI TI ON STANDARD ERRCRS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) NMAX SPREAD
BML FQ 1 35. 25. 25.
BML NP1 19. 9. 25.
BML TOML 124. 62. * 185.*

Note the 4 mnute blunder is again slightly masked but

on the angle to TOWL.

ERRCR WHEN BACKSI GHT RESHOT |'S 0. 004

In differenti al
one with the difference between the initial

leveling if the backsight

it is concentrated

is reshot this nessage provides
and final readings.

94



REPETI TI ON ERROR ON MULTI PLE PQA NTI NG TO STATION FCl 1 IS 8.0 SEC

This is standard when reshooting the backsight after a | ot of foresights.
If you did not do this and this nessage appears you have a station nam ng
probl emor a mssing setup. You have neasured to the sane station nore

than once wth the sane position nunber and in the sane DR node. If this
is very large you have a station namng problem a position # problem a
m ssi ng setup, you used the I ower notion inadvertently, or you zeroed the
i nstrunment inadvertently.

In the followng .obs information the 1st position reverse value of FC1

was incorrectly called BM.
observing two simlar

different circle readings and sl ope di stances.

S 00 SP1 P G

S 01 16:21:59 11/23/88 3.680

O 00 BML 55- 84- A09 P Gl

O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184.640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184.640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
000 FA1 55-72- A16 P G

O 01 16:38:03 5. 850 1 D179 59 44.0 89 6 4 3692. 450 S
O 00 NP1 55- 84- 19A P G

O 01 16:35: 39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:25: 39 5. 140 1 R 179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 2 R 273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P G

O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505. 650 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505. 650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43:37 5. 360 2 R 311 58 16.0 266 23 2 505. 650 S
The resultant processing information | ooks |ike this:

PROCESSI NG SETUP # 1 AT STATI ON SP1

REPETI TI ON ERRCR ON MULTI PLE PO NTI NG TO STATION BML IS * 18888. 0* SEC.

REPETI TI ON STANDARD ERRCRS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON Sb SD MAX Sb MAX HORZ. ELEV.
SPREAD ( MEAN) SPREAD DI ST. Dl FF.

BML ~ xxxRkxx 701. 473 **xxx*xkx 25.479 11.394 * 45.577*

hPl . 005 . 002 . 007 . 021 . 022 . 007 -.047

. 005

008 . 009

. 010

REPI:_I'I TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) NMAX SPREAD
BML NP1 4722. 2361. * 7082. *
BML TOML 4718. 2359. * 7076.*

It is obvious that sone data shot to BML i s incorrect.

The easi est process

You can usually find this problem by
position nunbers and D/R readi ngs and noting
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for finding this kind of problemis realizing that if the instrunment is not
horizontally re-zeroed the reverse horizontal circle should be 180 degrees

different from the direct horizontal circle reading. If you knew no
stations had been reshot on the sane position nunber with the same DR
reading one would imediately realize a station namng problem had

occurred.

NOT ALL ANGLES HAVE A COVMON BACKSI GHT

This means stations on a position # and unique D)R are not connected to
any other stations on other position #s and unique DR This is not

allowed in processing. If you really intended to do this it nust be a

separate setup. In the followng data the last shot by tine tag was to NP1
and the position nunber was accidentally changed from2 to 3.

S 00 SP1 P Gl

S 01 16:21:59 11/23/88 3.680

O 00 BML 55- 84- A09 P Gl

O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184. 640 S
O 01 16:33:53 5. 000 1 D174 45 46.0 90 O 28 184. 640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
000 FA1 55-72- Al6 P Gl

O 01 16:24:15 5. 850 1R 0 O 1.0 270 53 49 3692. 450 S
O 01 16:38:03 5. 850 1 D179 59 44.0 89 6 4 3692. 450 S
O 00 NP1 55- 84-19A P Gl

O 01 16:35:39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
O 01 16:25:39 5. 140 1 R179 49 24.0 269 27 38 511.220 S
O 01 16:44:59 5. 140 3 R 273 28 55.0 269 27 36 511.230 S
O 01 16:40:04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
O 00 TOML P GL

O 01 16:34:51 5. 360 1D 3819 6.0 93 37 5 505.650 S
O 01 16:28:43 5. 360 1 R 218 18 59.0 266 23 O 505.650 S
O 01 16:40:40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
O 01 16:43: 37 5. 360 2 R 311 58 16.0 266 23 2 505.650 S

It resulted in the foll ow ng processing informnation.
PROCESSI NG SETUP # 1 AT STATI ON SP1

REPETI TI ON STANDARD ERRCRS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE
STATI ON Sb SD MAX SD SD MAX HORZ. ELEV.
(MEAN) SPREAD SPREAD DI ST. Dl FF.

BML
FCl 1
NP1

(
. 006
. 089
.021

. 006
.001
. 005

. 003
.001
. 002

. 005
.001
. 007

. 003
. 063
. 010

. 008
. 063

. 022 . 007

TOL 005 .003 .008  .009 .005  .010
REPETI TI ON STANDARD ERRORS FOR ANGLES
BS STATI ON FS STATI ON SD
NOT' ALL ANGLES HAVE A COVWMON BACKSI GHT
BML FC 1 35.
BML NP1 23.
BML TOML 16.

-.047

25.
13.
8.

SD (MEAN) MAX SPREAD

25.
24.
20.
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SOVE DATA AT STATI ON SP1 NOT CONNECTED TO OTHER
PO NTI NGS SO | GNORED

The processed data would sinply not use the horizontal circle reading
which was incorrectly recorded as the 3rd position. The distance and
el evation informati on woul d be used.

SOVE DATA AT STATI ON A23 NOT' CONNECTED TO OTHER

PO NTI NGS SO | GNORED

This means stations on a position # and unique D)R are not connected to
any other stations on other position #s and unique DR This is not
allowed in processing. If you really intended to do this it nust be a
separate setup. There are two ways EFBP searches for this problem and
thus the two error nessages exist for what appears to be the sanme problem
Notice this nmessage al so appeared in the previous exanple.
| GNORED CALI BRATION - # OF DI RECT READI NGS DOES NOT
EQUAL NUVBER CF REVERSE READI NGS

If the DR pointings are not equal in nunber the calibration is ignored
and the previous calibration values are retained.

WARNI NG - CALI BRATI ON RECORD W THOUT DATA

A calibration record is stored even when you do not performthe vertical
and horizontal collimtion checking process. |If you did not intend to
performthis test ignore this warning. The previous calibration val ues
are retained.

HORZ. COLLI MATI ON CORRECTI ON = 3. 6 SECONDS

VERT. COLLI MATI ON CORRECTION = -18.3 SECONDS

These should remain fairly consistent for a particular instrunent. |If
they do not sonething in the instrunent or setup is very unstable. |If

these are unusually large you did not performthis test properly or
instrunent is very out of adjustnent. A very different calibration
correction conpared to others should probably be del eted as sonething was
wong regarding the instrunment (stuck collimator) or the setup.

HORI ZONTAL PO NTI NG STANDARD ERROR (DI RECT) = 3.2 SECONDS

VERTI CAL PO NTI NG STANDARD ERROR (DI RECT) = 5.1 SECONDS

HORI ZONTAL PQA NTI NG STANDARD ERROR (REVERSE) = 1.1 SECONDS

VERTI CAL PO NTI NG STANDARD ERROR ( REVERSE) = 7.8 SECONDS

If these are large you did a poor job of pointing. Horizontally you
may have inadvertently zeroed the instrunent or used the | ower notion.
Delete the calibration if unusually large pointing errors exist.

An exanpl e of a poor calibration is:
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C 00 11:49:48 09/06/90 80 30.0 00120 DWH HEC RLB

C 01 TGPCON GIS-4 W50092 5 3

C 03 12:39:26 D274 58 9.0 86 44 24.0
C 03 12:39:50 D 274 58 11.0 86 44 26.0
C 03 12:39:26 D274 58 8.0 86 43 11.0
C 03 12:39:50 D274 58 7.0 86 44 21.0
C 03 12:42:00 R 94 58 32.0 273 15 15.0
C 03 12:42:00 R 94 58 36.0 273 15 10.0
C 03 12:42:00 R 94 58 38.0 273 15 12.0
C 03 12:42:18 R 94 58 30.0 273 15 13.0

The processing of it results in:

12. 6 SECONDS
21. 0 SECONDS

HORZ. COLLI MATI ON CORRECTI ON
VERT. COLLI MATI ON CCRRECTI ON

HORI ZONTAL PO NTI NG STANDARD ERRCR (DI RECT) = 1. 7 SECONDS
VERTI CAL PO NTI NG STANDARD ERROR (DI RECT) = 36. 4 SECONDS
HORI ZONTAL PO NTI NG STANDARD ERRCR ( REVERSE) = 3.7 SECONDS
VERTI CAL PO NTI NG STANDARD ERROR ( REVERSE) = 2.1 SECONDS

Wil e 36.4 seconds nmay not be considered large it is many magnit udes

| arger than the other pointing errors. Examning the data it is obvious
the third pointing in direct was perforned inproperly vertically. To
delete it you nust al so del ete one reverse pointing to obtain equal
nunber of D/ R poi ntings.

15.6 EFBP Sideshot ldentification Messages

112 OF 122 STATI ONS ARE HORI ZONTAL S| DESHOTS

EFB processing does not require a user to define what is a sideshot
and what is part of the traverse data. Processing resolves this
automatically. Only traverse (redundant) data is anal yzed by | east
squares. Sideshots are conputed after the |east squares analysis is
conpl et ed.
ERROR - ANGLE AT A SETUP AT STATI ON A23
NOT CONNECTED TO ANY S| GATED STATI ONS AT PREVI QUS SETUPS
PROCESSI NG CONTI NUES BUT THI S PRCBLEM NEEDS TO BE CHECKED

An exanple of this is an angle of Bs B22 Ccc A23 Fs B23 where none
of the 3 stations are control points and B22 and B23 have never been
occupi ed or shot fromother stations. There is little chance that
coordi nates can be solved in this situation and thus it is probably
a station msnam ng situation.

CANNOT REALI GN ANGLES AT STATI ON A23 DUE TO LACK OF ANGLE | NFORVATI ON
PROCESSI NG CONTI NUES BUT TH S PRCBLEM NEEDS TO BE CHECKED
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This occurs during sideshot elimnation. |If a sideshot was originally
sel ected by processing as a backsight it nust be changed to a foresight
and a different backsight station selected (REALIGN). |If during this
process a suitabl e backsight which is common to all foresights cannot
be found this warning is displayed. The nost common occurrence of this
message i s when a setup on A23 occurs nultiple tinmes and one uni que
backsi ght cannot be found common to all setups. Wile this may be
conput ational ly sol vabl e processing does not allowit. The solution is
to use the sane backsight on all setups of the sane station. |If thisis
not possi ble on the new setup shoot a previous foresight and processing
can resolve this situation

NO AZI MUTH FOUND AND ONLY ONE CONTRCL PO NT
COORDI NATE CGENERATI ON | S | NCOWLETE

The horizontal data ties to only one control point and thus w thout
an azi nuth coordi nates cannot be generated. You nmay have forgot

to enter the azimuth or a second control station. |Incorrect station
namng nmay al so create this problemas the survey network has been

m si dentified.

NO DI STANCE TO CONTROL PO NT. STCP

Only in a triangul ation (bearing-bearing intersection) can you produce
coordinates if no distances are connected to control stations.

NETWORK CONNECTIVI TY |'S | NCOVPLETE

Station nam ng problens or m ssing setups have created a situation where
the survey data does not permt coordinate generation. This is referred
to as a lack of connectivity. An exanple would be a mssing setup in

a traverse between two control points.

ROTATI ON NOT' PCSSI BLE - M SSI NG DATA

Coordi nate generation did not succeed in connecting two control points,
or an azimuth is not on the data which has unrotated coordinates. Data
IS mssing or station msnam ng has caused this problem

*** COORDI NATES UNDETERM NED FCR STATI ON A23

|f station A23 is part of your horizontal survey data this is a problem
due to mssing data or station msnamng. |If station A23 is part of

a differential l|eveling survey this nmessage can be ignored as you did
not intend to have coordi nates generated for it.
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STATION A23 1S NOT ON A DI STANCE I N I NPUT FI LE

If station A23 is part of your horizontal survey data this may be a

probl em due to mssing data or station msnamng. |If station A23 is part
of a differential leveling survey this nessage can be ignored as you did
not intend to have coordinates generated for it. |If station A23

was i ntended to be resol ved by bearing-bearing intersection or resection
this nessage can agai n be ignored.

STATI ON A23 1S NOT' ON AN ANGLE I N I NPUT FI LE

If station A23 is part of your horizontal survey data this may be a

probl em due to mssing data or station msnamng. |If station A23 is part
of a differential leveling survey this nessage can be ignored as you did
not intend to have coordinates generated for it. |If station A23 which

was i ntended to be resol ved by distance-di stance intersection
this nessage can agai n be ignored.

NO COORDI NATES FOR STATI ON A23 WRI TTEN TO FI LE

|f station A23 is part of your horizontal survey data this is a problem
due to mssing data or station msnamng. |If station A23 is part of
a differential l|eveling survey this nmessage can be ignored as you did
not intend to have coordi nates generated for it.

STATION A4 POSI TI ONED BY ANGLE- ANGLE

| NTERSECTI ON FROM STATI ONS Al AND A2

Unless this was intentional you may have m ssing distances.

STATI ON A5 PCSI TI ONED BY RESECTI ON FROM
STATI ONS A3Al , A2 AND A1A2

Unless this was intentional you may have m ssing distances.

STATI ON AG6 PCSI TI ONED BY DI STANCE- DI STANCE | NTERSECTI ON
FROM STATI ONS A3 AND A2

Unless this was intentional you may have mssing angles. This required
user input to resolve a multiple solution.

STATI ON A6 POSI TI ONED BY THREE DI STANCE | NTERSECTI ON

FROM STATI ONS Al , A3 , AND A2

Unless this was intentional you may have mssing angles. |[If three
di stances exist the nultiple solution can be automatically resol ved.
STATI ON A18 POSI TI ONED BY ANGLE- DI STANCE | NTERSECTI ON

FROM STATI ONS A3 AND A4

Unless this was intentional you may have m ssing angl es or distances.
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This possibly required user input to resolve a nultiple solution.

TRAVERSE CLOSURE REPORT

LI NEAR ERROR OF CLOSURE | S . 033 FT.
PRECISION IS 1/ 50739.

STATI ON X COOR Y COOR
B6 623323. 994 158173. 434
B25 623420. 673 157621. 313
B5 623433. 784 157474. 263
Bl 623547. 043 157322. 610
B2 623668. 589 157386. 943
B24 623777. 710 157511. 384
B23 623904. 038 157974. 433

Once sideshots have been renoved the processor begins coordi nate
generation by attenpting to traverse between control points or points with

previ ously conputed coordi nates. The processor does not conpute traverse

loops - only traverse |inks between existing coordinates. This is
because the end point coordinates are necessary to define the proper
rotation of the traverse link. A loop traverse requires a known bearing
for rotation and this is not searched for by the processor. A conpass

rul e adj ust ment of the link traverse is perforned. If all abstracting
messages show no probl ens, one should |ook at the traverse closures in
sequenti al order. The first closure which illustrates a blunder indicates
highly that a problemwith that traverse link's data. This could be
due to incorrect control coordinates or incorrect station nanes, and is
probably not due to the values of the neasurenents as they have cone

directly fromthe total station in nost cases.

Poor closures after the first bad cl osure should usually be ignored until
the problemwith the first traverse link is resolved. This is because
|ater traverse links may start or end on coordinates generated fromthe
first "bad" traverse. As an exanple if the above traverse cl osed 1/80
and a | ater conputed traverse started at B25 and ended at B24 it would

cl ose poorly due to the poor coordi nates of B25 and B24, and not
necessarily due to the neasurenents of the later traverse |ink.

Closures tend to get slightly worse as later links are identified as you
are closing between coordi nates generated fromseries of conpass rule
adjustnents. This problemis resolved by the | east squares anal ysis.

| f processing shows an angl e-di stance conput ati on when you were expecting
a traverse link closure conputation nmake sure a mssing setup or simlar
probl em does not exist on that |ink traverse. Please be aware that

an angl e-di stance conputation is often necessary to get the link traverse
cl osure conputation functioning.
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If a sideshot is neasured to nore than once and error estinmates from
repetition is selected that data will be in the redundant (traverse)
data and not in the sideshot information. Since this station is not
on alink traverse it wll require an angl e di stance conbi nati on.

DI STANCE RESI DUALS

DI STANCE RES| DUAL
A25 - B22 . 000
A25 - B23 . 000
B23 - B24 -. 026
B23 - B6 . 000
B24 - B2 -. 009
B2 - Bl -. 007
Bl - B5 -. 010
B5 - B25 -. 008
B25 - B6 -. 030
GRASS2 - B2 -.078
GRASS2 - Bl -. 160
GRASS2 - BS -. 088
GRASS2 - Cl . 000
GRASS2 - XS1 . 000

ANGLE RESI DUALS

ANGLE RES| DUAL ( SEC)
B22 - A25 - B23 .0
A25 - B23 - B24 -1.8
A25 - B23 - B6 .0
B2 - B24 - B23 .0
B1 - B2 - B24 .0
B2 - Bl - B5 .0
B1 - B5 - B25 .0
B5 - B25 - B6 .0
B23 - B6 - B25 -13.4
B2 - GRASS2 - Bl 190. 6
B2 - GRASS2 - BS5 .0
B2 - GRASS2 - Cl1 .0
B2 - GRASS2 - XSl .0
AZ| MUTH RES| DUALS
AZ| MUTH RES| DUAL ( SEC)
A25 - B22 .0

These residuals show the anmounts of adjustnment to your data based
on the initial conpass rule generation of coordinates. Data which
has not been used to generate coordinates will contain the |argest
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adj ustnents and you can sonetines detect a blunder if all of the
traverse closures are good but a large residual is found in a nmeasurenent
that was not used in coordinate generation. Be a little careful in
over-interpretation as the | east squares will provide you with a

nmore realistic evaluation of the adjustnment that needed to be applied

to your nmeasurenents. |If a datumis selected, the data is al so not

yet reduced to grid which could contribute to slightly |arge m scl osures.

NO BENCHVARKS FOUND - THUS NO LEVELI NG ANALYSI S

You need a starting elevation to generate other elevations. This nessage
could be due to a station nam ng problemof a benchmark.

NO ELEVATI ON FOR STATI ON A23 GENERATED

M ssing data or station namng problens may create data which i s not
connected to the rest of your survey. This could prevent determnation
of elevations. |If you did not want an elevation on this station the
nmessage can be ignored.

M SCLOSURE OF MULTI PLE ELEV. DI FFERENCE MEASUREMENTS

STATI ONS M SCLOSURE
NP1 - SP1 . 047
SP1 - FA1 . 081
SP1 - TOML . 010
NP1 - TOML . 017
SP1 - TOML . 048
SP1 - BML . 575
NP1 - SP1 2. 406
NP1 - SP1 1.124
NP1 - SP1 1. 336
SP1 TOML . 943

END OF M SCLOSURE REPORT

In the .1D (|l east squares adjustment report for elevations) any line that
is shot nultiple times is conpared in this report. This includes |ines
shot in opposite directions or the sane |line shot on a reoccupation of a
setup. It is very useful in |ooking for height of instrunent or hei ght
of reflector errors. In this exanple NP1 - SP1 and SP1 - TOWL are short
lines and thus are indicating a problem If NP1 - SP1 was a 6000 ft.
line you would probably not be concerned. This report conpares to the
exi sting averaged el evation change, while the elev. diff. report in .GEN
conpares to the first nmeasurenent of that |ine.

BENCHVARK ELEVATI ON RESI DUALS
STATI ON | NPUT ELEV. ADJUSTED ELEV. ERROR EST. RESI DUAL
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B22 211. 240 211. 240 . 001 . 000
B6 203. 670 203. 670 . 001 . 000
B21 169. 940 169. 940 . 001 . 000

You shoul d nake sure that all of your benchmarks appear in the output file
or sonething wong occurred during their data entry. If you want the

benchmarks not to adjust, their residuals (anount of adjustnent) should be
zero which is obtained by assigning themvery snall error estimates such as

0.001 ft. If you did want benchnmark el evati ons to adjust based on a
reasonable error estimate, ensure that the residual is of simlar or
small er magnitude than its assigned error estimnate. If the residual is

dramatically larger than its error estimate (three tines bigger is often
used) it is inportant to check its assigned el evation for correctness.

RES| DUALS
FROM TO MEASURED RES| DUAL EST. ERRCR
NP1 BML 4.918 .011 ( .3) . 037
NP1 BVR 6.170 011 ( .4) . 027
NP1 FO 1 62. 304 -.197 (1.3) . 147
NP1 SP1 6. 270 -.015 ( .8) . 021
NP1 TOML -27.312 .004 ( .3) . 014
SP1 BML -1.325 -.001 ( .1) . 014
SP1 FO 1 55. 729 123 (1.1) . 116
SP1 TOML -33.557 -.005 ( .3) . 015
SP1 BVR -. 056 -.019 ( .5) . 035

ELEV. DIFF. RVB ERRCR = .078 SNOOP RVB = .7

MAX. ELEV. DI FF. RES| DUAL NP1 - FO 1 oF

. 197

This listing shows how nuch adjustnent (residual) had to be applied to
the neasured elevation differences. The residual should be of simlar or
smal | er magni tude conpared to the error estimate. |If not, one should
check the neasurenents which resulted in the elevation difference for
correctness (incorrect station nane, height of instrunment, and hei ght of
reflector are common field data entry problens). One should al so nmake
sure the error estinmates are of reasonable nmagnitude, and if not change
default settings regarding error estimation and reprocess your data. See
t he beginning of this docunent if one has questions on assigning error
esti mat es.

The nunber in parenthesis next to the residual is the snoop nunber which

Is equal to the absolute value of the residual divided by the error
estimate. A snoop nunber larger than 3.0 is flagged with asterisks
because it is indicative of a problem- the residual is nore than three
times its error estimate. Note 33% of your data (from a nornal
distribution/ bell shaped curve) wll have snoop nunbers greater than one
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so do not use a snoop nunber of greater than one as indicative of a
problem (3.0 is nore standard and inplies 95 % confi dence).

The distance fromSPl1 to FC11 is over 4000 ft. which is why it has a
large error estimate for its trig. leveling derived el evati on change.

The maxi numresidual is highlighted at the end of the residual report.
Al so highlighted is the root-nean-square (average) residual and snoop
nunber .

*xx MAXI MUM NUMBER OF | TERATI ONS REACHED ***

Least squares anal ysis of horizontal data requires prelimnary coordinates
(generated by the first processing program) and then the solution iterates
in updating the coordinates to their |east squares values. The solution
usually quits iterations (called irritations by sone users) when the
updates are less than 0.005 ft.

*** SCLUTI ON DI VERG NG - | TERATI ON HALTS ***

| f blunders exist the updates in the horizontal |east squares anal ysis
can get bigger instead of smaller. This is called divergence, and neans
sonething is drastically wong with your data. Al ways review results
fromthe first processing program before continuing.

NO SUI TABLE | NFORVATI ON FOUND | N ELEVATI ON FI LE

SO I NPUT A MEAN PRQIECT ELEVATI ON

If you have performed a horizontal survey (horizontal distances instead
of sl ope distances/zenith angles), you desire to reduce neasurenents to
state plane. If no benchmarks exi st you need to input an average project

el evation so reduction to grid due to elevation can be correctly
per f or ned.

ALL MEASUREMENTS ARE REDUCED TO THE NAD 83
0903 FLORI DA NORTH LAMBERT

COCORDI NATE AND DI STANCE UNI TS ARE U. S. SURVEY FEET

I f you have selected a datummake sure it is correct. In NAD 27 only the
U S. Survey Foot is allowed as a distance unit. In NAD 83 you are all owed
meters, U S. Survey Foot, or the International Foot. Control coordinates,
di stances, and el evation differences nust be in the sane units.

Make sure in NAD 83 the correct distance and coordinate units exist.
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95% CONFI DENCE F STATI STI C STANDARD ERROR MULTIPLIER FOR 6 D.F. IS 3.21

To obtain standard deviations of final coordinates and error ellipses at
95% confidence a nultiplier is applied which is a function of your degrees
of freedom (level of redundancy). A nore redundant survey (nore checks)
results in a lower nmultiplier because the greater nunber of checks enabl es
you to be nore confortable with your final results.

STANDARD ERRORS ERROR ELLI PSE | NFO

STATI ON ADJUSTED X ADJUSTED Y IN X INY SU Y T
B22 626264. 633 158284. 560 . 146 . 066 . 149 . 059 78.2
A25 624980. 787 158016. 019 . 011 . 013 . 013 . 011 .0

The coordinate standard errors indicate if you perforned the survey again
under the sane conditions you woul d be 95% confident of being wthin that
anmount of the |east squares adjusted coordinate. The error ellipse

defines an area centered about the adjusted coordi nates where you woul d

be 95% confident that performng the survey over under the sane conditions
woul d produce a coordinate within that area. SU and SV are the sem -
maj or and sem -m nor axes of the ellipse respectively, and T is the angle

in deci mal degrees (positive clockwise) from north of the sem -najor
axi s.
DI STANCES
OCCUPI ED SI GHTED DI STANCE RESI DUAL EST. ERRCOR
STATI ON STATI ON
NP1 BML 695. 330 .014 ( .6) . 023
NP1 BWVR 236. 275 .079 (1.3) . 062
NP1 FC 1 4203. 195 .000 ( .0) . 035
NP1 SP1 511. 210 .005 ( .6) . 008
NP1 TOML 334. 897 -.001 ( .1) . 007
SP1 BML 184. 639 -.002 ( .2 . 011
SP1 FC 1 3691. 994 .002 ( .1) . 019
SP1 TOVL 504. 641 -.005 ( .7) . 006
SP1 BWVR 281. 005 .014 ( .6) . 022
DI STANCE RVB ERROR = .027 SNOOP RM5 = .6
MAX. DI STANCE RESI DUAL NP1 - BWR OF . 079

Simlar output exists for control coordinates, horizontal angles, and
azi mut hs. Qut put neasurenment values are in their grid equivalents if a
datum and state plane zone has been selected. This listing shows how rmuch
adjustnent (residual) had to be applied to the neasured distances, error
estimates, and snoop nunbers in parenthesis. The residual should be of
simlar or smaller magnitude when conpared to the error estinmate (snoop
nunber |less than 3.0). |If not one should check the raw measurenments which
resulted in this abstracted (averaged) neasurenent, especially for hand

106



entry itenms such as station nane.

One should al so nmake sure the error estimates are of reasonabl e nmagnitude,
and if not change default settings regarding error estination and reprocess
your dat a. See the beginning of this docunent if one has questions on
assigning error estimnates.
STANDARD ERROR OF UNIT VEIGHT I S 3.551
WTH 6 DEGREES OF FREEDOM
CH SQUARED TEST ON ANALYSI S
.454 < 3.551 < 1.449
(Lony (HG&
DCES NOT PASS AT THE 5 % SI GNI FI CANCE LEVEL

This is a statistical test that your error estinmates are reasonable. Do
not be too alarned if it does not pass because being 95% confi dent of
nmeasurenent data is difficult to obtain. Mking sure all of your
residuals are reasonable in magnitude is nore inportant than any
statistical test.

TRAVERSE CLOSURES NOT PCSSI BLE TO COMPUTE

The angl es and di stances are neasured in a way that does not allow the
programto conpute traverse closures. |If your survey is supposed to
sati sfy M ninmum Technical Standards of Florida you may want to add sone
nmeasur ement s whi ch nmake conputation of closure possible.

TRAVERSE CLOSURE REPORT

SUM OF DI STANCES ALONG TRAVERSE | S 839. 503

CLOSURE IN X = .010 CLOSURE IN Y = -.024

ANGULAR CLOSURE = -9. 0 SECONDS

LI NEAR ERRCR OF CLOSURE ( AFTER ROTATION) IS . 024

BEFORE ROTATION PRECISION | S 1/ 32550.

AFTER ROTATION PRECISION | S 1/ 35381.
This is the report of a traverse closure. Li nks between adjusted
coordi nates are conputed (not | oops). Traversing starts on the inverse
bearing between adjusted coordinates of the first |eg. Coordi nates are

conput ed based on neasured angles and distances (raw) until the term nating
station is reached. Cosure in X and Y is a conpari son between adjusted and
conputed coordinates. Angular closure is based on conparing the conputed
bearing of the last leg to the bearing derived from inversing adjusted
coordinates. To elimnate rotation error of the bearing of the first |eg,
the after rotation error linear error of closure conpares the conputed
di stance inverse between end stations to the distance inverse based on
adj ust ed coordi nat es.

The after rotation precision is better than the before rotation precision
because it uses the conpared distance inverses, which is independent of the
initial direction of the first leg. Measurenents are reduced to grid

in all conputations if a state plane zone has been sel ect ed.
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TOTAL LENGTH OF EVALUATED TRAVERSE DI STANCE = . 553 M LES

PRECI SI ON BASED ON LATI TUDE AND DEPARTURE CLOSURES = 1 / 3331.
PRECI SI ON AFTER ORI ENTATI ON CORRECTION = 1 / 3623.
This is an evaluation which is based on summng all linear errors of
closure and suns of all individual traverse closure distances. This

provides an overall 1/X if someone asks you for it.

15. 10 Hori zontal sideshot and .xyz/.soe generation nmessages

*** COORDI NATES UNDETERM NED FCOR STATI ON A23

If A23 was part of differential |eveling this warning can be ignored.
You may al so not be interested in A23's coordinates. Normally this

i ndicates a station nam ng problemor a | ack of data.

STATI ON A23 IN Z DATA BUT NOT IN X, Y DATA

If A23 was part of differential |eveling this warning can be ignored.
You may al so not be interested in A23's coordinates. Normally this

i ndi cates a station nam ng problemor a |ack of data.

STATI ON A23 I N GRAPH DATA BUT NOT IN X Y, Z DATA - | GNORED

A23 has feature code and other attribute information but no coordinates.
Al setups in differential leveling result in this warning which
can be ignored.

STATI ON A23 | N GRAPH DATA BUT NO SCE | NFO - | GNORED

A23 has feature code and other attribute informati on but no station-offset
dat a.

108



Chapter 16. A general strategy for survey data processing using EFBP
and storage of projects and execut abl es

Experienced users of EFB and EFBP all have their own special techniques
on how to nost efficiently process data. This short synopsis is just
one person's opinion on howto do it but it works!

(1) Create a working directory called PROC on the hard drive.
Retain required EFBP files DEFAULT. SD and DEFAULT. CON in that directory.
Al so have netric and English equival ents of DEFAULT. SD and DEFAULT. CON
call ed DEFAULT. SM/ DEFAULT.CM (netric) and DEFAULT. SF / DEFAULT. CF
(English) which get copied into .SD/.CON when units of a new job change
fromthe previous job.

(2) Download field files into this directory.

(3) Convert .raw to .obs using program TSMIOASC and if not feeling
too lazy quickly ook at it in a text editor for any obvious

probl ens or any inportant comments fromthe field. |If feeling

| azy do not |ook at .OBS and leave it up to EFBP to find the problens.

(4) Use program CTL to build a control file. [If at all possible
the control is in an existing .CTL, .XYZ, or ascii file. [Inport
this data without having to type in any coordi nates as that type of
input (typing) is very prone to blunders.

(5 Run EFBP in first pass node where you are only processing step 1 -
abstracting and prelimnary coordinate generation - the .CGEN report.

Inport a correct DEFAULT. SDY. CON if necessary and make sure reasonable
error estimate paraneters are defined. Carefully define maxi num spread
t ol erances above which tol erance val ues are asterisked (*).

(6) Reviewthe .CGEN report by looking for asterisks in ny text editor
search node. |If one finds a problemopen up the .obs file in split
screen node and try to elimnate any problens. |f problens were found

go to (8). If no problens were found go to (9).

(7) Re-process only as far as the .CGEN report and return to (6).

(8) Re-process to final .XYZ (and possibly .SCE) in the hopes that
the .GEN report indicated all problens.

(9) Look at the vertical |east squares .1D report. Do not |ook closely
at elevation difference conparisons because that already was reported
onin .CGEN. Viewthe snoop nunbers of all elevation difference
residuals and see if any problens exist. Problens are usually those
above 3.0 though if the snoop nunber rns is high (above 1.5) also

make sure the residuals are not systematic (all plus or mnus in nature).
Make sure the standard error of unit weight is reasonable.
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If things are reasonable you are finished evaluating the .1d report and
go to (12). If things are not reasonable it is probably a benchmark
problemand go to (10). Note neasuring to a point which was not really

the benchmark is the sane as a bad benchmark el evation.

(10) Run CTL and place non-fixed error estinmates on all benchmarks.
Suitabl e values would be 0.10 ft. or. 0.03 m Reprocess only as far
as .1d but turn on robustness using the EFBP nmenu. It is recomended to
robust twi ce in succession.

(11) Review the robusted .1D results and hopefully find the problen(s).
Re-run CTL, fix any problens, and re-set benchmark el evation error
estimates to fixed (0.001). Return to (8).

(12) Look at the horizontal |east squares .2D report. View the snoop
nunbers of all neasurenent residuals and see if any problens exist.
Probl ens are usually those above 3.0 though if the snoop nunber rns is
hi gh (above 1.5) also nmake sure the residuals are not systematic (all
plus or mnus in nature). Make sure the standard error of unit weight
i s reasonabl e.

If things are reasonable you are finished evaluating the .2d report and
go to (16). If things are not reasonable it is probably a horizontal
control problemand go to (13). Note neasuring to a point which was not

really the control is the same as a bad control coordinate.

(13) Run CTL and place non-fixed error estinmates on all horizontal
control. Suitable values would be 0.10 ft. or. 0.03 m Reprocess only
as far as .2d but turn on robustness using the EFBP nenu. Usually

robust tw ce in succession for best results.

(14) Review the robusted .2D results and hopefully find the problen(s).
Re-run CTL, fix any problens, and re-set horizontal control error
estimates to fixed (0.001). Re-process to .XYZ and return to (12).

(15) You have acceptable .gen, .1d, and .2d reports. Review .XYZ and/or
.SCE to ensure all stations have the required coordi nate information
(though the last part of processing usually indicates if a problem

exi sts).

(16) If desired (not necessary) copy .XYZ, .SCE, chain, and tape files

to a directory where all subsequent surveying/engi neering cal cul ations
will occur.
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Chapter 17. Description of executables and data files for EFBP

EFBP requires the followng files in the directory in which data is being
processed.

DEFAULT. CON - EFBP processi ng paraneters
DEFAULT. SD - EFBP processi ng paraneters

EFBP will assign reasonable default information in the DEFAULT files if
t hey do not exist.

I nstead of storing these files in the directory where data processing is
going on, you can use the DOS Append command to store the files in a
directory defined by Append. This will allow access to those files from
any directory.

The follow ng executables are part of the EFBP processing system They
need to be in the directory in which you are working or a path to the
directory in which they reside nust be defined.

EFBP. EXE
CTL. EXE
LOK. EXE
CHK. EXE
LCHK. EXE
FI XI'T. EXE

EFBP is a protected node programso it will not run on a 286 or 8088 PC
It requires what is called an extender which are one of two files:

DOSXMSF. EXE - if running EFBP froma DOS comrand |ine
DOSXNT. EXE - if running EFBP from W ndows

These two .exe files do not need to be "run", but only need to be in the
directory in which you are working or a path nust exist to the directory in
whi ch these files reside.

Data or report files generated or created in the field or office all have
the project nane foll owed by an extension which defines what it is.

Field files

.chn - chains (binary)

.Ccpx - chain nanme prefixes and | argest suffixes (ascii)

.pre - station (point) nane prefixes and | argest suffixes (ascii)
.raw - survey neasurenents (binary)

.tap - taping (binary)

Ofice files (all ascii)

. 0bs - survey neasurenents
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.ctl
. gen
. 1d

. 2d

. XYz
. soe
.| sa
. 2sd
. cor
. geo
. red

contro
abstracting and

final redundant
final redundant
graphics file of

initial coordinate generation report
1D | east squares report

2D | east squares report

final coordinate and point attribute file
final station, offset, elevation, attribute file
redundant abstracted 2D survey data
redundant abstracted 2D survey data error estimates

coordi nates, scale factors,
| atitude & | ongitude
redundant data

conver gence angl es
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Chapter 18. Exanple data and out put
18. 1 Description

The redundant portion of a job (BRIDGE) has been extracted from a |arger
job to illustrate the nunerical processing of EFBP. Note the .obs file
only reflects the total station neasurenment data (no taping, chains,
prefixes, etc.) as that is all that is intended to be presented here.

18.2 Control file BRI DGE. CTL

G 00 BRI DGE

GO0l FA1 55-72- A16 0903 27 29
G 02 2086126.879  524842. 335 . 100 . 100

G 01 NP1 55-84- 19A 0903 27 29
G 02 2086150.710 529045. 338 . 100 . 100

G 01 BML 55-84- A09 0903 27 29
G 02 96. 231 . 010

18.3 hservation file BRI DGE. CBS

H 00 319- RR- BRI DGE- REHAB 13:19: 02 11/23/88 13:19:02 11/23/88

H99 THS IS A PRODUCTI ON PRQJECT FOR STRUCTURES, AT SR319 SQUTH OF US 90 E ON
H 99 CAPI TOL Cl RCLE

C 00 13:22:15 11/23/88 70 30.0 122222 BWVD TLH WEC DOT

C 01 TOPCON GIS- 3B B1296 02 05 100

S 00 NP1 55-84-19A P GL

S 01 14:18:00 11/23/88 5.400

O 00 BML 55-84- A09 P GL

O 01 14:25:21 5. 000 1 D358 30 7.0 89 37 49 695.400 S
O 01 14:31:15 5. 000 1 R 178 29 59.0 270 22 37 695.350 S
O 01 14:37:31 5. 000 2 R 82 41 14.0 270 22 31 695.310 S
O 01 14:46:01 5. 000 2 D 262 41 18.0 89 37 52 695.300 S
O 01 14:53:05 5. 000 4 D161 21 17.0 89 37 52 695.340 S
O 01 14:57:04 5. 000 4 R 341 21 39.0 270 22 33 695.390 S
O 01 15:07:17 5. 000 5D 6925 2.0 89 37 53 695.300 S
O 01 15:02:29 5. 000 5 R 249 25 22.0 270 22 27 695.370 S
O 00 BwWR P GL

O 01 15:13:10 5. 000 5 R 260 16 44.0 271 24 7 236.400 S
O 01 15:11:36 5. 000 5D 80 16 54.0 88 36 15 236.290 S
O 00 FA 1 55-17- Al6 P GL

O 01 14:33:48 5. 850 1 D359 59 59.0 89 8 51 4203.670 S
O 01 14: 34: 37 5. 850 1 R 179 59 56.0 270 51 22 4203.660 S
O 01 14:50:04 5. 850 4 D 162 50 54.0 89 8 42 4203.680 S
O 01 14:59: 26 5. 850 4 R 342 51 8.0 270 51 28 4203.630 S
O 01 15:00: 39 5. 850 5 R 250 54 54.0 270 51 23 4203.670 S
O 01 15:10:03 5. 850 5D 70 54 51.0 89 8 44 4203.670 S
O 00 SP1 P GL

O 01 14:26:55 3.430 1 D359 50 52.0 89 31 30 511.230 S
O 01 14:36:18 3.430 1 R 179 50 36.0 270 28 55 511.230 S
O 01 14:51:38 3.430 4 D 162 41 51.0 89 31 18 511.230 S
O 01 14:57:58 3.430 4 R 342 41 42.0 270 28 57 511.230 S
O 01 15:01:30 3.430 5 R 250 45 28.0 270 28 49 511.230 S
O 01 15:08:29 3.430 5D 70 45 34.0 89 31 21 511.230 S
O 00 TOML P GL

O 01 14:29: 37 5. 360 1 R110 9 5.0 265 19 48 336.010 S
O 01 14:28:15 5. 360 1 D29 9 2.0 94 40 24 336.010 S
O 01 14:43:01 5. 360 2 D194 19 49.0 94 40 26 336.020 S
O 01 14:41:06 5. 360 2 R 14 19 44.0 265 19 58 336.020 S
O 01 14:55:52 5. 360 4 R273 0 9.0 265 19 58 336.020 S
O 01 14:54:53 5. 360 4D 93 0 5.0 94 40 27 336.020 S
O 01 15:04: 26 5. 360 5 R 181 4 4.0 265 19 55 336.020 S
O 01 15:05:57 5. 360 5D 1 3 55.0 94 40 21 336.010 S
S 00 SP1 GL

S 01 16:21:59 11/23/88 3.680

O 00 BML 55-84- A09 GL

O 01 16:32:52 5. 000 1 R 354 45 13.0 269 59 39 184. 640 S
O 01 16:33:53 5. 000 1 D 174 45 46.0 90 0 28 184. 640 S
O 01 16:42:43 5. 000 2 R 88 24 41.0 269 59 46 184. 630 S
O 01 16:41:28 5. 000 2 D268 24 17.0 90 0 27 184. 630 S
O 01 16:48:12 5. 000 3 D177 15 0.0 90 0 27 184. 620 S
O 01 16:47:29 5. 000 3 R 357 14 35.0 269 59 42 184. 660 S
O 01 16:53:10 5. 000 4 R 253 4 35.0 269 59 44 184. 640 S
O 01 16:52:35 5. 000 4D 73 4 49.0 90 0 26 184. 630 S
O 00 FA 1 55-72- Al6 P GL

O 01 16:24:15 5. 850 1R 0 0 1.0 270 53 49 3692.450 S
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103 5. 850 1 D179 59 44.0 89 6 4 3692.450 S
55-84- 19A P GL
39 5. 140 1 D359 49 31.0 90 32 39 511.230 S
39 5. 140 1 R 179 49 24.0 269 27 38 511.220 S
59 5. 140 2 R 273 28 55.0 269 27 36 511.230 S
04 5. 140 2 D 93 28 48.0 90 32 35 511.230 S
36 5. 140 3D 219 4.0 90 32 38 511.230 S
22 5. 140 3 R 182 18 59.0 269 27 34 511.230 S
54 5. 140 4 D258 8 31.0 90 32 38 511.230 S
45 5. 140 4 R 78 8 54.0 269 27 43 511.230 S
P Gl
151 5. 360 1D 3819 6.0 9337 5 505.650 S
143 5. 360 1 R 218 18 59.0 266 23 0 505.650 S
40 5. 360 2 D131 58 14.0 93 37 6 505.640 S
37 5. 360 2 R 311 58 16.0 266 23 2 505.650 S
58 5. 360 3 R 220 48 26.0 266 23 5 505.650 S
154 5. 360 3 D 40 48 22.0 93 37 13 505.650 S
130 5. 360 4 D296 38 0.0 93 37 12 505.650 S
141 5. 360 4 R 116 38 22.0 266 23 6 505.650 S
Gl
:17 11/23/88 3.680
55-72- A16 Gl
02 5. 850 1 R 258 19 27.0 270 54 12 3692. 440 S
38 5. 850 1D 7819 28.0 89 6 16 3692. 450 S
55 5. 850 2 D344 10 10.0 89 6 O 3692. 450 S
34 5. 850 2 R 164 10 6.0 270 53 52 3692. 440 S
P GL
55 5. 360 1 D296 38 30.0 93 37 10 505.640 S
13 5. 360 1 R 116 38 27.0 266 23 10 505.640 S
38 5. 360 2 D202 29 12.0 93 37 4 505.650 S
20 5. 360 2 R 2229 8.0 266 23 8 505.650 S
Gl
:58 11/23/88 5.360
55-84- 19A Gl
42 5. 140 1D 7148 3.0 85 22 37 335.980 S
29 5. 140 1 R 251 47 50.0 274 37 32 335.990 S
04 5. 140 2 D 318 47 51.0 85 22 42 335.980 S
09 5. 140 2 R 138 47 42.0 274 37 27 336.000 S
54 5. 140 3 R 46 15 9.0 274 37 30 335.980 S
54 5. 140 3 D226 15 7.0 85 22 40 335.990 S
17 5. 140 4 R 303 57 51.0 274 37 27 335.990 S
40 5. 140 4 D 123 57 58.0 85 22 39 335.990 S
34 5. 140 4 R 303 57 59.0 274 37 34 335.990 S
P GL
38 3. 450 1 R 179 58 59.0 273 35 10 505.630 S
33 3. 450 1 D359 59 58.0 86 24 56 505.630 S
27 3. 450 2 R 66 58 53.0 273 35 13 505.630 S
43 3. 450 2 D246 58 58.0 86 25 2 505.640 S
102 3. 450 3 R 334 26 19.0 273 35 15 505.640 S
117 3. 450 3 D154 26 15.0 86 25 O 505.630 S
147 3. 450 4 R232 9 0.0 273 35 13 505.640 S
101 3. 450 4D 52 9 10.0 86 24 55 505.630 S
118 3. 450 4 R232 9 33.0 273 35 12 505.640 S
P GL
139 0. 760 1 D 38 3028.0 89 38 40 330.010 S
111 0. 760 1 R 218 30 26.0 270 21 31 330.010 S
121 0. 760 2 D285 30 26.0 89 38 42 330.020 S
131 0. 760 2 R 105 30 20.0 270 21 24 330.040 S
130 0. 760 3 D 192 57 43.0 89 38 45 330.010 S
135 0. 760 3 R 12 57 49.0 270 21 27 330.020 S
151 0. 760 4 R 270 39 48.0 270 21 24 329.930 S
121 0. 760 4 D 90 40 36.0 89 38 38 330.050 S
103 0. 760 4 R 270 40 25.0 270 21 29 330.020 S
P Gl
53 5. 220 1 R222 1 58.0 270 18 42 500.790 S
24 5. 220 1D 42 151.0 89 41 24 500.780 S
17 5. 220 2 R109 1 48.0 270 18 43 500.790 S
47 5. 220 2 D289 1520 89 41 27 500.790 S
14 5. 220 3 R 16 29 6.0 270 18 45 500.790 S
28 5. 220 3 D196 29 5.0 89 41 32 500.790 S
54 5. 220 4 R 274 11 54.0 270 18 49 500.790 S
57 5. 220 4D 9412 13.0 89 41 34 500.790 S
118 5. 220 4 R 274 12 26.0 270 18 45 500. 800 S
:55 11/29/88 50 30.2 000000 BMD BMD GAF TLH
TOPCON GIS- 3B @B1296 2 5 100
P GL
123 11/29/88 5.000
55-84- A09 P GL
128 5. 000 1 D 359 58 58.0 90 24 25 184.630 S
149 5. 000 1 R179 59 18.0 269 36 14 184.680 S
P F1
1 38 5. 000 1 D177 3 36.0 90 0 57 281.020 S
145 5. 000 1 R357 3 26.0 269 59 35 280.990 S
55-84-19A P Gl
127 5. 000 1 D185 4 15.0 90 42 24 511.230 S
142 5. 000 1R 5 412.0 269 18 3 511.280 S
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18.4 Abstracting and prelimnary traverse report BRI DGE. GEN

PROJECT BRIDGE  PARAMETERS

USE REPETI TI ON ERRORS PLUS ADD- ONS | N ERROR ESTI VATI ON
COVPUTE COCRDI NATE STANDARD ERRORS AND ERROR ELLI PSES
CORRECT FOR EARTH CURVATURE AND ATMOSPHERI C REFRACTI ON
ROBUST ERROR ESTI MATE PROMPT W LL NOT APPEAR

PROCESS TO FI NAL COCRDI NATE . XYZ FI LE

FOLLON NG USED AS ADD- ONS TO ERRCR FROM REPETI TON

DI STANCE DI STANCE HORZ. AZIMJTH TRIG LEV. TRIG LEV. DIFF. LEV
CONSTANT PPM ANGLE (SEC)  (SEQ) CONSTANT PPM CONSTANT
. 010 5.00 6.0 10.0 . 030 100. 00 . 010
FOLLOW NG ARE USER DEFI NED ERROR ESTI MATES
DI STANCE DI STANCE HORZ. AZIMJTH TRIG LEV. DIFF. LEV.
CONSTANT PPM ANGLE ( SEC) (SEQ) CONSTANT CONSTANT
. 020 5.00 12.0 10.0 . 050 . 010
SETUP ERROR (ALWAYS USED) = .005
FLAG MAXI MUM SPREADS ABOVE
(23) DISTANCE = .030 (24) ANGLES = 20.0 (25) ELEV. DI FFERENCES = .100

WARNI NG - CALI BRATI ON RECORD W THOUT DATA

PROCESSI NG SETUP # 1 AT STATION NP1
REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SD  SD MAX HORZ. ELEV.
(MEAN)  SPREAD (MEAN)  SPREAD DI ST. DI FF.

BML .040  .014 * .055* .044 . 015 . 056

BMVR .077  .055 * .055* .020 .014 .014

FCl 1 .019  .008 * .036* .134 055 * .210*

SP1 .000  .000  .000 .026 .010 .038

TOML .006  .002 .007 .018 .006 .021

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATION FS STATION SD  SD (MEAN) MAX SPREAD

BML BMVR 21. 15. 15.

BML FCl 1 12. 5. 14,

BML SP1 17. 7. *  23.%

BML ToML 13. 5. x 22.%

PROCESSI NG SETUP # 1 AT STATION SP1
REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SO SD MAX HORZ. ELEV.
(MEAN)  SPREAD (MEAN)  SPREAD DI ST. DI FF.

BML .012  .004  .024 .005  .002 .007

FCl 1 .001  .001  .001 .089 063 . 063

NP1 .003  .001  .009 .021 .008 .032 . 006 -.036

TOML .004 .00l  .009 .018 .006 . 025

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATION SD  SD (MEAN) MAX SPREAD

BML FCl 1 35. 25. * 25 %

BML NP1 18. 6. x o 27.%

BML ToML 17. 6. * 25 %

PROCESSI NG SETUP # 2 AT STATION SP1
REPETI TI ON STANDARD ERRORS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SD SD MAX HORZ. ELEV.
SPREAD ( MEAN) SPREAD DI ST. D FF.

FCl 1 . 008 . 004 . 009 . 214 .107 * . 268* . 006 . 080

TOML . 006 . 003 . 007 . 023 . 012 . 027 . 003 . 010

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) MAX SPREAD

FC 1 TOML 1. 0. 2.

PROCESSI NG SETUP # 1 AT STATION TOML
REPETI TI ON STANDARD ERRORS

SI GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON SD SD MAX SO  SD MAX HORZ. ELEV.
(MEAN)  SPREAD (MEAN)  SPREAD DI ST. DI FF.

NP1 .007  .002  .012 .008  .003 .012 . 006 -.014

SP1 .005  .002  .008 .016 .006 . 022 -.004 -.043

TBML .036  .013 * .081* .008 .003 .013

WP1 .004  .001  .009 .020 .007 . 029

REPETI TI ON STANDARD ERRORS FCR ANGLES

BS STATI ON FS STATION SD  SD (MEAN) MAX SPREAD

NP1 SP1 16. 6. x40, %

NP1 TBML 14, 5. * 34.%

NP1 WP1 8 3 14,

WARNI NG - CALI BRATI ON RECORD W THOUT DATA
PROCESSI NG SETUP # 3 AT STATI ON SP1
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REPETI TI ON STANDARD ERRORS

S| GHTED HORI ZONTAL DI STANCE ELEVATI ON DI FF. COVPARE

STATI ON Sb SD MAX Sb SD MAX HORZ. ELEV.
SPREAD ( MEAN) SPREAD DI ST. Dl FF.

BML . 036 . 025 . 025 . 024 . 017 . 017 -.014 . 046

BM2 .021 . 015 . 015 .031 . 022 . 022

NP1 . 036 . 025 . 025 . 047 . 033 . 033 -.007 -.015

REPETI TI ON STANDARD ERRORS FOR ANGLES

BS STATI ON FS STATI ON SD SD (MEAN) MAX SPREAD

BML BM2 21. 15. 15.

BML NP1 16. 11. 11.

2 OF 8 STATI ONS ARE HORI ZONTAL SI DESHOTS

TRAVERSE CLOSURE REPORT

LI NEAR ERROR OF CLOSURE | S . 114 FT.

PRECISION IS 1/ 39844.

STATI ON X COCR Y COCR

FCl 1 2086126. 879 524842. 335

SP1 2086149. 179 528534. 161

TOML 2086464. 440 528928. 191

NP1 2086150. 710 529045. 338

STATION BML HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE

FROM KNOWN BACKSI GHT
X= 2086164.912 Y= 52

STATION BMWR
FROM KNOWN BACKSI GHT
X= 2086110.941 Y= 52

8350. 153

8812. 434

FI NAL GENERATED COORDI NATES

STATI ON

SP1 -
ANGLE RESI DUALS

18.5 Verti cal

X COCR.

2086126.
2086150.
2086164.
2086110.
2086149.
2086464.

- SP1

- SP1
- SP1

879
710
912
941
179
440

Y COCR

524842.
529045.
528350.
528812.
528534.
528928.

RESI DUAL

. 000
. 000
. 124
. 032
. 009

-100
.014
117

335
338
153
434
161
191

RESI DUAL ( SEC)

-4.
-1
23.
37.
35.

36.
94.

WWOoOOUIOODOVOWOO

HAS COORDI NATES GENERATED BY ANGLE AND DI STANCE

| east squares report BRI DGE. 1D

M SCLOSURE OF MULTI PLE ELEV. DI FFERENCE MEASUREMENTS

STATI ONS M SCLOSURE
NP1 - SP1 . 036
SP1 - Fa1 . 080
SP1 - TOML . 010
NP1 - TOML . 014
SP1 - TOML . 039
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SP1 - BML
NP1 - SP1
END OF M SCLOSURE REPORT

. 046
. 003

2 OF 8 STATI ONS | DENTI FI ED AS VERTI CAL SI DESHOTS
BAND I S 4 STATI ONS
LEVEL NETWORK ADJUSTMENT

NUVBER OF BENCHVARKS =
NUMBER OF STATIONS =
NUVBER OF MEASUREMENTS =

1
6
9

NUMBER OF REQUI RED TERVS FOR NORVAL EQUATI ONS = 26
RESULTS OF ADJUSTMENT
BENCHVARK ELEVATI ON RESI DUALS
STATI ON I NPUT ELEV. ADJUSTED ELEV. ERRCR EST. RESI DUAL
BML 96. 231 96. 231 . 010 .000 ( .0)
BENCHVARK RM5 ERRCR = . 000 SNOCP RMB = .0
MAX.  BENCHVARK RESI DUAL AT STATI ON BML OF . 000
RESI DUALS
FROM TO MEASURED RESI DUAL EST. ERRCR
NP1 BML 4.928 .007 ( .1) . 115
NP1 BMR 6.171 .012 ( .2) . 068
NP1 FCl 1 62. 668 -.274 ( .5) . 505
NP1 SP1 6. 269 -.014 (.2 . 058
NP1 TOML -27.313 .005 ( .1) . 048
SP1 BML -1.319 -.001 ( .0) . 040
SP1 FCl 1 56. 013 .126 (. 4) . 341
SP1 TOML -33. 557 -.005 ( .1) . 052
SP1 BMR -.054 -.017 (.2 . 080
ELEV. DIFF. RWMB ERRCR = . 101 SNOCP RMB = .3
MAX. ELEV. DI FF. RESI DUAL NP1 - FC 1 OF . 274
95% CONFI DENCE F STATI STI C STANDARD ERRCR MULTI PLI ER FOR 4 DF. IS 3.73

STATI ON ADJUSTED ELEV. STANDARD ERROR
BML 96. 231 . 014
NP1 91. 296 . 075
SP1 97. 551 . 057
BMR 97. 480 . 097
FCl 1 153. 690 . 410
TOML 63. 988 . 079
STANDARD ERROR OF UNIT VEIGHT | S . 384

W TH 4 DEGREES OF FREEDOM
CH SQUARED TEST ON ANALYSI S
. 348 < .384 < 1.540

(Low (H GH
PASSES AT THE 5 % S| GNI FI CANCE LEVEL

18. 6 Hori zont al

PARAMETRI C HORI ZONTAL LEAST SQUARES ADJUSTMENT

ALL MEASUREMENTS ARE REDUCED TO THE NAD 27
0903 FLORI DA NORTH LAMBERT

COORDI NATE AND DI STANCE UNI TS ARE U. S. SURVEY FEET

BAND IS 4 STATI ONS
NUMBER OF TERVBS REQUI RED I N NORVAL EQUATIONS =

111
95% CONFI DENCE F STATI STI C STANDARD ERRCR MULTI PLI ER FOR
RESULTS OF ADJUSTMENT

STANDARD ERRCRS

STATI ON ADJUSTED X ADJUSTED Y INX INY
BMR 2086110.939  528812. 487 . 308 . 240
NP1 2086150. 710  529045. 307 . 318 . 227
SP1 2086149. 164  528534. 124 . 286 . 227
BML 2086164. 926  528350. 164 . 278 .231

| east squares report BRI DGE. 2D

12 D.F. 1S 2.77

ERRCR ELLI PSE | NFO
T

SU SV
. 308 .240 88.0
. 318 .227 -89.7
. 286 .227 -89.8
. 278 .231 -89.1
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FCl 1 2086126.879 524842.366 .318 .227 .318 .227 -89.7
TOML 2086464. 428  528928.151 .311 .232 .313 .229 -80.8
RESI DUALS | N THE OBSERVATI ONS
CONTRCL POl NT COCRDI NATES
STATI ON X RESIDUAL X EST. ERROR Y RESIDUAL Y EST. ERRCR
FCl 1 .000 ( .0) .100 -.031 ( .3) .100
NP1 .000 ( .0) .100 .031 ( .3) .100
EASTI NG CONTROL RMVB = .000 SNOCP RMB = .0
MAX. EASTI NG RESI DUAL AT FOl 1 OF . 000
NORTHI NG CONTROL RVB = .031 SNOCP RVB = .3
MAX. NORTHI NG RESI DUAL AT FCl 1 oF .031
DI STANCES
OCCUPI ED SI GHTED DISTANCE  RESIDUAL  EST. ERROR
STATI ON STATI ON
NP1 BML 695. 300 012 ( .4) .027
NP1 BMVR 236. 264 .072 (1.1) . 066
NP1 FCl 1 4203.004  -.004 ( .1) . 039
NP1 SP1 511.188 .004 ( .3) .011
NP1 TOML 334.883 .003 ( .3) . 010
SP1 BML 184.632  -.002 ( .2) .015
SP1 FCl 1 3691. 825 .000 ( .0) .022
SP1 TOML 504.620  -.007 ( .8) . 009
SP1 BMVR 280. 993 .018 ( .7) . 026
DI STANCE RVB ERRCR = .025 SNOOCP RMB = . 6
MAX. DI STANCE RES| DUAL NP1 - BMVR oF .072
ANGLES
BACKSI GHT  OCCUPIED  FORES| GHT ANGLE RESIDUAL  EST. ERRCR
STATI ON STATI ON STATI ON ( SECONDS) ( SECONDS)
BML NP1 BMVR 10-51-37.0 -17.9 ( .8) 21.5
BML NP1 FCl 1 1-29-42.7  -4.4 ( .4) 10.8
BML NP1 SP1 1-20-26.2 -15.1 (1.1) 13.3
BML NP1 TOML 291-38-44.4  -13.1 (1.2) 11.3
BML SP1 FC 1 5-14-23.0 -11.5 ( .4) 31.5
BML SP1 NP1 185- 4- 8.7  -4.3 ( .3) 13.6
BML SP1 TOML 223-33-36.1 -1.9 ( .1) 13.3
FCl 1 SP1 TOML 218-19- 1.5  -2.1 ( .3) 6.8
NP1 TOML SP1 288-11-15. 1 6.3 ( .5) 12.3
BML SP1 BMR 177- 4-23.0 -18.1 ( .8) 22.0
BML SP1 NP1 185- 5- 5.5 52.5 (2.8) 18.5
ANGLE RMB ERRCR = 19.1 SECONDS SNOOP RVB = 1.1
MAXI MMM ANGLE RES| DUAL BML - SP1 - NP1
OF  52.5 SEC
STANDARD ERRCR OF UNIT VEEI GHT IS 1.148
WTH 12 DEGREES OF FREEDOM
CH SQUARED TEST ON ANALYSI S
606 < 1.148 < 1.324
(Low
PASSES AT THE 5 % S| GNI FI CANCE LEVEL
TRAVERSE CLOSURE REPCRT
SUM OF DI STANCES ALONG TRAVERSE | S 4531. 328
CLOSURE IN X = .016 CLOSURE IN Y = .014
ANGULAR CLOSURE = 8.4 SECONDS
LI NEAR ERROR OF CLOSURE ( AFTER ROTATION) IS .014
BEFORE ROTATI ON PRECI SION |'S 1/ 210529.
AFTER ROTATI ON PRECISION IS 1/ 320339.
STATI ON BEARI NG DI STANCE X Y
FC 1 2086126. 879  524842. 366
SP1 N 0- 20-45. 1E 3691.825 2086149.164  528534. 124
TOML N38- 39- 48. 7E 504. 627 2086464.428  528928. 151
NP1 N69- 31- 20. 1W 334.880 2086150.710 529045. 307
TOTAL LENGTH OF EVALUATED TRAVERSE DI STANCE = .858 MLES

PRECI SI ON BASED ON LATI TUDE AND DEPARTURE CLOSURES = 1 / 210529.
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PRECI SI ON AFTER ORI ENTATI ON CORRECTION = 1 / 320339.

18.7 Qut put adjusted state plane coordinate file BRI DCGE COR

STATI ON X COCR. Y COCR SCALE FACTOR CONVERGENCE
BML 2086164. 926 528350. 164 . 99996078 + 0- 8- 14.7
BMR 2086110. 939 528812. 487 . 99996089 + 0- 8- 14.4
FCl 1 2086126. 879 524842. 366 . 99995996 + 0- 8- 14.4
NP1 2086150. 710 529045. 307 . 99996095 + 0- 8- 14.6
SP1 2086149. 164 528534. 124 . 99996083 + 0- 8- 14.6
TOML 2086464. 428 528928. 151 . 99996092 + 0- 8- 16.4

18.8 Qut put adjusted geodetic coordinate file BRI DG CGEO

STATI ON LATI TUDE LONG TUDE

BML 30-27- 9.27887 84- 13- 35.57970
BMR 30-27- 13. 85650 84- 13- 36.18382
FC 1 30-26- 34.55742 84- 13- 36.11044
NP1 30-27- 16. 16015 84- 13- 35.72307
SP1 30-27- 11.10020 84- 13- 35.75473
TOML 30-27- 14.99302 84- 13- 32. 14206

18.9 I nput redundant horizontal nmeasurenent file BRI DGE LSA

FCl 1 2086126. 879 524842. 335 0

NP1 2086150. 710 529045. 338 1

NP1 BML 695. 330 0

NP1 BMR 236. 275 0

NP1 FCl 1 4203. 195 0

NP1 SP1 511. 211 0

NP1 TOML 334. 897 0

SP1 BML 184. 640 0

SP1 FCl 1 3691. 994 0

SP1 TOML 504. 642 0

SP1 BMR 281. 005 1

BML NP1 BMR 10 51 37.00 O

BML NP1 FCl 1 129 42.67 0

BML NP1 SP1 120 26.17 0

BML NP1 TOML 291 38 44.37 0

BML SP1 FCl 1 5 14 23.00 O

BML SP1 NP1 185 4 8.750

BML SP1 TOML 223 33 36.13 0

FCl 1 SP1 TOML 218 19 1.50 0

NP1 TOML SP1 288 11 15.13 0

BML SP1 BM2 177 4 23.00 0

BML SP1 NP1 185 5 5.50 1

0 0 0 0 .00 1

BML 2086164. 912 528350. 153 0
BMR 2086110. 941 528812. 434 0
SP1 2086149. 179 528534. 161 0
TOML 2086464. 440 528928. 191 1

18. 10 I nput redundant horizontal mneasurenent error estimate file BRI DCGE 2SD

FCl 1 . 100 . 100 0

NP1 . 100 . 100 1

NP1 BML . 027 0
NP1 BMR . 066 0
NP1 FCl 1 . 039 0
NP1 SP1 . 011 0
NP1 TOML . 010 0
SP1 BML . 015 0
SP1 FCl 1 . 022 0
SP1 TOML . 009 0
SP1 BMR . 026 1
BML NP1 BMR 21.00 O

BML NP1 FCl 1 10.71 0

BML NP1 SP1 13.10 0

BML NP1 TOML 10.75 0

BML SP1 FCl 1 31.00 O

BML SP1 NP1 12.22 0

BML SP1 TOML 11.92 0

FC 1 SP1 TOML 6.50 0
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NP1 TOML SP1 11.72 0

BML SP1 BMVR 21.00 O

BML SP1 NP1 17.50 1

18. 11 Final coordinate file BR DGE XYZ
G 00 BRI DGE. XYZ
GO01 FA1 55-17- Al6 P GL 0903 27 29
G 02 2086126.879 524842. 366 153. 690 . 318 . 227 . 410
G 01 NP1 55-84-19A P GL 0903 27 29
G 02 2086150. 710 529045. 307 91. 296 . 318 . 227 . 075
G 01 BML 55-84- A09 P GL 0903 27 29
G 02 2086164. 926 528350. 164 96. 231 . 278 . 231 . 014
G 01 BwW P GL 0903 27 29
G 02 2086110.939 528812. 487 97. 480 . 308 . 240 . 097
G 01 SP1 P GL 0903 27 29
G 02 2086149. 164 528534. 124 97. 551 . 286 . 227 . 057
G 01 TOML P GL 0903 27 29
G 02 2086464. 428 528928. 151 63. 988 . 311 . 232 . 079
G 01 TBML P GL 0903 27 29
G 02 2086142. 655 528854. 965 70. 643
G 01 W1 P GL 0903 27 29
G 02 2085970. 233 528847. 327 66. 847
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